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Shis  thesis  records  the  preliminary  work  of  a 
laboratory  study  of  the  bl turnon  constituent  of  the 
bituminous  sands  and  the  products  that  can  be  refined 
from  it  by  the  operations  practised  In  the  petroleum 
industry.  'The  need  for  carrying  through  an  investigation 
of  this  nature  arises  out  of  the  general  problem  of  the 
commercial  development  of  the  bituminous  sand  deposits. 

,nhe  Industrial  Ke search  department  i3  concerned  with  this 
development  problem  because  of  its  work  on  road  materials. 
The  use  of  bitumens  offers  a  means  of  stabilising  earth 
roads  -  tho  basic  type  of  rural  ro  d  for  the  prairie 
provinces.  The  bituminous  sand  deposits  hold  unlimited 
quantities  of  a  suitable  bitumen  for  this  purpose.  But 
until  the  deposits  are  commercially  developed,  this  source 
of  bitumen  is  a  potential,  not  an  available  one.  The 
Initiation  of  successful  commercial  development  work 
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1b  dopondent  upon  adequate  data  and  information  covering 
the  several  phases  of  tho  development  problem.  Enough 
must  bo  imov/n  of  the  donoslts  tho  moo  Ives  to  decide 
wisoly  what  looalltioo  in  tho  bituminous  area  offer  the 
boat  advantages.  A  means  of  so norat lng  tho  bitumen 
from  tho  largo  volume  of  sand  with  which  it  is  mlxod 
must  bo  demonstrated,  and  finally  a  sufficient  line  of 
commercial  nroduots  from  the  bituminous  sand  bltumon 
acceptable  to  the  available  market,  must  bo  determined 
to  give  a  bituminous  sand  industry  a  ohance  to  make 
a  orofit.  Knowledge  of  the  deposits  is  being  accumulated 
by  the  work  of  the  Mines  Branch,  Ottawa,  and  further 
work  is  being  planned  by  the  Industrial  research 
Department.  Ve/y  satisfactory  progress  has  been  mad© 
already  by  the  Industrial  research  department  in 
demonstrat lng  a  method  of  separating  the  bitumen  from 
tho  bituminous  sands.  The  exoerimonts  in  earth  road 


stabilization  of  the  Industrial  research  Department 


has  indicated  a  general  use  for  the  crude  bitumen  from 
the  bituminous  sands.  But  so  far  ittle  information 
has  been  gained  about  the  refined  products  which  the 
crude  bitumen  will  yield.  This  problem  is  now  being 
undertaken  In  tho  Industrial  He search  Laboratories. 
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no  work  on  l"h«  eyamina  Tion  op 
biruniens  and  mineral  oils,  from  ppe  standpoint  of  uihqt- 
product's  can  be  repined  from  fherrj;  has  been  under 
—  taken  before  in  the  Induslrial  Research  LaboreTones 

Consequently  the  preliminary  stops  in  tho  3tudy  of  the 

bituminous  sand  bitumen  have  been  oonoorned  large Ly 
with  assembling  the  necessary  apparatus  and  with  gaining 
©xoorionoe  in  its  manipulation*  Although  the  worlr 
aocomnllnhod  has  not  produced  a  largo  fund  of  final 
information,  it  never  the  lea 3  ro pro sen to  a  large  amount 
of  study  in  cloaring  away  difficulties  which  stood  In 
the  way  of  establishing  an  expeditious  examination 
procedure* 

The  objective  of  the  Invest Igation  which  is  being 
initiated  is  the  examination  of  the  bitumen  from  the 
bituminous  sand».  But  it  is  obvious  that  3uch  an 
examination  must  include  a  considerable  amount  of 
c  imperative  work  with  other  mineral  oils.  In  the 
preliminary  work  especially,  it  ha  been  ad vantageoua 
to  break  Into  the  technique  of  handling  apparatus  and 
tests  through  tho  use  of  petroleums  that  present  less 
inherent  difficulty  than  the  bitumen  extracted  from  the 
bituminous  sands*  Por  t  is  reason  a  supply  of  Montana 
crude  petroleum  eas  obtained.  This  oil  is  free  of  water, 
contains  a  good  proportion  of  light  fractions,  and 
presents  a  inimum  of  difficulty  in  handling  in  distill¬ 
ation  operations.  A  sunoly  of  oil  from  the  ./ainwright 
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field  was  al30  soourod.  rfhio  oil  la  more  vIbqoub  than 
the  Montana  oil,  and  1  heavily  charged  with  water  and 
mineral  matter.  It  presents  decided  difficulties  In 
accomplishing  dehydration  and  In  carrying  out  distill¬ 
ations.  hut  it  forms  a  good  medium  for  making  the 
transition  from  handling  the  si  ole  ilontana  type  of 
crude  oil  to  the  manipulation  of  the  heavy,  viscous, 
emulsified,  and  mineral  matter  charged  bitumen  which 
is  separated  from  the  bituminous  sands.  Incidentally, 
information  about  the  petroleum  from  the  alnwright 
field  is  ueoirable.  In  fact,  it  will  be  the  policy, 

In  carrying  forward  the  investigation  in  the  future, 
to  accumulate  as  much  data  as  possible  about  other 
mineral  oils,  especially  any  that  may  come  into 
prominence  through  drilling  operations  in  Alberta,  as 
can  bo  done  conveniently  while  the  bitumen  from  the 
bituminous  sand  Is  being  examined.  This  explanation 
is  offered  in  anticipation  of  the  impression  that  the 
reader  may  likely  get  that  the  subject  of  the  thesis 
is  as  much  Montana  or  fanwright  oil  ae  It  is  bitumen 
from  the  bituminous  sands* 

Pho  thesis  is  introduced  by  a  general  discussion 


of  the  bituminous  sand  deposits  and  the  stato  of 
knowledge  that  has  been  reached  concerning  them,  k 


r 


5 


survey  of  tho  market  open  to  commodities  that  a 
bituminous  ound  industry  can  ^roduco  is  than  made.  fhe 
mi tho d  of  attack  of  tho  problem  in  hand  is  then  presented 
and  tho  data  secured  Intornroted  and  discussed, 

Phe  writer  wishes  to  express  annreolatlon  of  the 
oourtosy  of  tho  Imp  rial  Oil  Oo.  in  orovldlng  a  liberal 
supply  of  lion  tana  no  tr  oleum  as  -veil  as  a  number  of  small 
samples  of  other  crude  and  refined  oils  for  use  In  the 
invest lgat Iona  work;  and  to  tho  British  Petroleums  Oo. 
for  a  s unply  of  crude  oil  from  its  well  at  V/alnOTight. 

He  also  wishes  to  acknowledge  the  he In  and  guidance  of 
Jr.  X.A#  Clark  and  of  the  other  members  of  the  staff 
of  the  Industrial  Research  department  In  the  prosecution 
of  the  laboratory  studies  and  in  the  preparation  of 
this  thesis. 
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CHAPTER  I 

THE  BITUMINOUS  SAND 

Tho  continued  failure  of  the  Imperial  Oil  Co.  in 
its  systematic  search  and  :>f  tho  many  promoters  in  tho  in 
rather  moro  haphazard  taotios,  in  snite  of  tho  large 
sums  f  money  that  have  been  ispent  to  bring  in  an  oil 
wo  11  in  Alberta,  showing  commercial  production,  tends 
to  rovort  public  interest  moro  and  more  back  to  the 
largo  and  obvious  source  of  "oily  material1'  in  the 
'»rovinco  -  namely  tho  bituminous  sand  deposits  of  tho 
HoMterray  district  *  The  geology  of  the  greater  port  of 
the  province  is  favorable  for  the  formation  and 
accumulation  of  Li*  Indications  of  oil  from  seepages 
and  large  flows  of  wet  gas  are  numerous*  Hot  least 
among  the  signs  of  oil  accumulation  is  the  bituminous 
3and  deposit  Itself.  But  in  snite  of  ail,  the  commercial 
production  of  oil  in  Alberta  has  been  practically 
negligible.  During  1913  an  oil  boom  was  started  In 
southern  Alberta  ( Okotoks  Field J  by  the  bringing  in  of 
wells  in  the  Black  Diamond  District.  OiL  of  varying 
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nature  was  enoounterod  at  various  epthe.**  'Joveral  of 
the  we  lie  drilled  In  tho  vicinity  have  produced  oil  for 
a  consldorablo  length  of  tine  but  none  have  been  largo 
producers.  I’ho  bringing  In  of  the  northern  Montana  field 
added  impetus  to  drilling  oorrations  in  the  extreme 
south  rn  part  of  the  province,  but  so  far,  production 
has  not  taken  iilace.  In  Hovember,  19i;5 ,  the  British 
Petroleums  Company's  well  north  of  -ainwright ,  came  in 
with  a  flow  of  heavy  asphaltic  oil  and  gas.  This  well 
is  felt  by  many  to  be  the  first  in  what  will  be  a 
producing  field.  Isolated  drilling  has  been  done  over 
most  of  the  province,  but  no  large  production  has 
resulted.  In  the  face  of  all  this  rathor  fruitless 
effort,  it  is  not  surprising  that  increasing  interest 
should  be  directed  toward  the  bituminous  sand  deposits. 
historical  dotes 

fhe  bituminous  sands  of  northern 
Alberta,  oommonly  called  ,ftar  sands H  have  been  noted 
and  recorded  by  oxolorers  for  many  years.  Probably  the 
earliest  was  Mackenzie  who,  in  his  historical  2  urnal  of 
1679,  mentions  that  "the  tar  from  the  sands  was  mixed 
with  gum  by  the  natives  and  used  to  tar  their  boats "• 


Petroleum  and  natural  Cas  hesourees  of  Canada,  ueot 
of  mines,  1915,  p.  285. 
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;>lnoo  then  many  oxnlorers  have  examined  the  format  ion, and 
many  official  and  unofficial  reports  have  been  v/ritten 
as  to  its  nature  and  extent.  Among  a  few  of  the  curly 
explorers  may  be  mentioned:  Mackenzie,  ugilvlo,  Fawcett, 
Preble,  Boll  and  McConnell. 

Prophesies  as  to  the  origin,  nature  and  value  of  the 
bitumen,  contained  in  several  of  the  oarly  reports  are 
Interesting  to  boar  in  mind  now  that  a  .more  comprehensive 
examination  of  tho  material  is  being  carried  out.  nr.  Beil 
stated  that  "when  tho  bituminous  sand  was  chopped  out  of 
the  bank  like  coal,  it  was  found  to  burn  freely  with  a 
strong  s  mo  key  flame."  nr.  Bell  goes  on  to  say  that 
"although  it  only  contained  Ur/i  of  bitumen,  yet  the 
material  occurs  In  such  enormous  quantities  that  a 
nr of i table  leans  of  extract ing  the  oil.  and  paraffin  which 
it  contains  may  be  found".  Dr.  Bell,  in  a  paper  before 
the  American  Institute  of  Mining  ngineers,  Toronto,  1907, 
in  part  states,  when  referring  to  the  tar  sands:  n  Their 
principal  value  consists  in  the  large  proportion  of  fine 
lubricating  oil  which  they  afford".  Von  Hammer  stein  was 
examined  at  length  before  the  senate  Commit  tee  of  1907*" 

The  Unexpioited  est.  Hallway  Lands  Branch,  uept.  of 

Interior,  Ottawa,  (1914),  page  184. 
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regarding  these  bods  of  bituminous  sand.  He  stated  that 
Mhe  hud  made  lubricating  oil,  cylinder  oil,  and  also  got 
some  paraffin” • 

Qoography  of  tho  Deposits 

The  bituminous  sands  occur  in 
tho  vicinity  of  MoMurray,  three  hundred  miles  north  of 
Edmonton*  -Ur.  J.A.  Allan  has  described  tho  area  a3 
follows.4  MThe  area  proven  by  the  outcrops  may  bo 
oonsldorod  as  a  triangle  in  shape  with  tho  pex  pointing 
northward.  The  base  of  this  triangle  Is  46  miles  wide 
between  tho  most  westerly  outcror*  at  Boiler  Bapids,  and 
tho  moat  easterly  on  the  Clearwater  and  Christina  Blvers. 
The  distance  from  this  line  as  base  to  the  most  north¬ 
erly  outcrop  on  the  Athabasca  Bivor  is  about  70  miles. 
This  gives  an  area  of  anoroximately  1,000  square  miles 
underlain  by  the  deposit”.  B.G.  Ells  states. 44 "Although 
the  area  represented  by  actual  outcrops  has  hot  been 
accurately  determined,  it  is  probably  not  less  than 
760  square  miles'*. 

4Pirot  Annual  Be nor t  on  the  Mineral  Be sources  of 
alborta.  J.A.  Allan,  1919,  p.  8. 

♦^Preliminary  .Report  on  the  Bituminous  Sands  of 

Northern  Alberta.  Mines  Branch,  Ottawa,  1914,  p.4. 
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Geology  of  tho  e ooslto 

The  position  of  tho  bituminous 
sands  l'n  tho  goologioal  sootlon  is  easily  assigned  and 
Its  oorr elation  with  the  formations  in  other  parts  of  tho 
country  have  been  made*  P.H#  uoLearn,*  in  describing 
the  Loon  formation  of  the  Peace  hiver  ooctLon,  states: 

T,It  is  possible,  howov  r,  that  the  thick  sandstones  noar 
tho  base  of  tho  formation  in  the  south  may  be  of  non- 
marine  origin.  Hire  the  tar  sands  of  the  Athabasca  at  the 
same  horizon ItoLeara’s  correlation  of  the  Athabasca 
and  peaoe  Kiver  sections  is  given  in  tho  following  table# 
It  is  not  so  easy  to  dispose,  geologically,  of  the 
bitumen  contained  in  the  bituminous  sands*  Many  writers 
have  apparently  avoided  mention  of  the  probable  source 
of  the  bitumen.  But  from  those  who  have  not  dodged  the 
problem,  the  following  opinions  are  of  interest#  They 

4  ■ 

express  three  distinct  theories  of  origin.  B*£*  McConnell 
states.  "The  tar  sands  evidence  an  upweiling  of  petroleum 
to  the  surface  unequalled  elsewhere  in  the  world,  but  the 
more  volatile  and  valuable  constituents  of  the  oil  have 

^Summary  report,  Cool.  Survey  of  Canada,  (1917)  Part  G# 
page  16. 

**The  Unexploited  eat.  Lent *  of  Interior,  1914,  p*168. 
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long  slnoo  dloappenrod,  and  the  roolco  from  whloh  It  losuod 
aro  nrobably  oxhauetod  ao  tho  flow  has  ceased*" 


TAB  1*1  1. 

Goologloal  Correlation  of  a 
Pe aoo  Bivo r  and  /CtTiabas^a  Boot! o n • 


Bystem 

Upr>er 

Cretaceous 

Group 

Bmo  icy- Peace  :ootlon 

Athabasca  oectta 

Montana 

Colorado 

vapltl 

Bad  Heart 

Band stone 

tower 

shale 

1 

L  . 

i  Brno  icy 

Kiver 

i 

La  Blche 

jj  on  vegan 

Pe lloan 

Band stone 8 

'Vt.  John 

Pol lean  shale 

Lower 

OrotacoouB 

Lower 

Orotaeeot 

j 

Upper 

'and stone 

Bhale 

is  Lov/er 

Bands tone 

1 

Peace  Blveif 

| 

1 

; 

Grand  Bap ids 

■ 

Loon  Biver 

- 

Clear water 

fce Murray  Tar 

Bands 

Palaeozoic  Limestones 


. 


. 
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3.0.  Kilo  nays.*  ‘'Assuming  that  the  residual  bitumen  has 
boon  derived  from  an  aanhaltlo  petroleum,  possibly 
originating  In  underlying  .Devonian  strata,  It  seems 
orobable  that  the  inflow  has  been  a  horizontal  one  rather 
than  on  upwelllng  at  many  oolnts  over  a  large  area." 

T*0*  Bosworth  44is  credited  with  the  following  view* 

"  ofcually  underneath  the  tor  sand  the  Devonian  is  not 
petroliferous,  although  It  contains  some  gas*  .but  tho 
oil  in  the  tor  3and  la  asphaltic  ana  is  vary  different 
from  that  of  tho  i>ovonian.  He  oonsidered  that  at 
present  the  balance  of  evidence  was  in  favor  of  the  oil 
in  tho  tar  sand  being  truly  a  Cretaceous  oil.” 
nature  of  the  .Deposits 

Tho  method  of  occurrence  of  the 
bituminous  sands  and  the  nature  of  the  material  itself 
has  been  studied  and  reported  upon  by  various  invest igatorii 
The  deposit  is  In  the  form  of  a  huge  sand  or  sandstone 
deposit,  resting  on  the  .Devonian  Limestone  strata  bolow, 
and  covered  ovor  with  sandstones  and  shales* 

^Preliminary  Deport  on  the  Bituminous  hands  of  Bor thorn 
Alberta*  Mines  Branch,  1914,  p*5. 

44i;l sous 3 ion  of  paper  "The  Mackenzie  itiver  oil  Field  of 
e a torn  Canada.  T.O.  Bosworth.  J.  Inot.  Petr.  Tech. 

OCt.  1921,  p4  297. 

4 4 ‘•‘Preliminary  report  on  the  Bituminous  bands  of  Northern 
Alborta.  8*0*  Klls.  Mines  Branch,  Ottawa,  1914.  Mines 
Branch,  Ottawa,  summary  reports  from  1913  to  date. 

First  and  second  annual  reports  on  the  Mineral  resources 

of  Alberta.  9. A.  Allan,  191y-20. 
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The  average  thickness  of  the  sand  la  between  126  and  260 

feet.  Moat  of  tho  deposit  la  burled  below  the  hoavy 

covering  of  sandstone  and  shale.  But  tho  bituminous  strata 

aro  exposed  In  the  aides  of  the  valleyB  where  the  rlvera 

have  out  through  the  whole  section  of  shales,  sandstones 

and  bituminous  sands.  Here  the  bituminous  formation  out- 

crons  in  numoroua  dark  impoolng  cliff 3  which  arc  the 

out3tandlng  foature  of  tho  district,  The  bituminous 

sand  Itself  consists  of  sand  particles,  clay  or  silt 

and  bi turnon.  The  sand  partioles  vary  in  size  through 

quite  a  range,  but  as  a  rule  they  are  smaller  than  what 
be  rete»» 

will  'sasss  a  60  mesh  sieve.  The  quantity  of  silt  or  clay 
present  is  a  variable  also*  The  bitumen  constitutes  12>* 
to  20pj  by  weight  of  the  bituminous  sand  in  samples  of 
thoroughly  impregnated  material.  The  bitumen  appear  to 
be  present  as  envelopes  around  sand  particles.  It  is  a 
heavy,  viscous,  asphaltic  oil  with  probably  considerable 
variation  in  its  content  of  the  lighter  constituents 
depending  on  whether  it  is  found  close  to  the  face  of 
an  exposure  or  in  such  a  position  as  to  be  sealed  off 
from  the  action  of  the  atmosphere  or  from  the  possibility 
of  ready  evaporation.  There  is  no  indication,  hoiyevor, 
that  the  bitumen  is  anywhere  other  than  a  comparatively 
heavy,  viscous  material.  The  bituminous  deposit  Is 
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plainly  ©tr&tifioa  and  she rm  variation©  Ijr  torture 

of  material  from  strata  to  otrat  •  '  om  of  thorn  consist 
of  material  which  is  essentially  silt  or  clay  and 
containing  a  negligible  quantity  of  bitumen.  Th» 
exposures  chow  that  there  are  distinct  sones  of  impreg¬ 
nation  aspirated  by  thicknesses  o  "  strut; a  con  . Ining 
little  Mbumen*  fhe  dividing  line  be twees  rich  and  lean 
<5  r  Ic  very  abrupt  ard  aarirod*  itioh  soneo  occur  high  up 
in  bho  formation  ac  oil  m  near  its  bane* 
cho:icc  hr  inning  the  ultunnn  f  h;---  ..itardn-uo  ...rids 

flic  groat  extent  of  the  tttaot&oae  sand  deposit  and 
the  abvi  ucly  largo  quantity  of  bit  acinous  material 
which  it  cent  Ins  ten  always  imspirsd  those  v;ho  have 
fc^e  ■  a  acquainted  with  It  with  a  mnm  of  Its  *eter.fciai 
value  a. a  -  i  the  inevitability  of  its  br-c^ning  of  groat 
economic  importance*  At  the  cane  time,  srrt  nerloms 

i 

difficulties  in  the  \my  of  its  commercial  development 
have  been  recognised*  Among  these  l&  the  question  of 
hoir  the  bitumen  is  to  to  extracted  frna  its  a-nooeiated 
u  uuU  "he  Htaminoae  oaMs  ar  raoh  can  have  a  very 
limited  application*  or  eeially  in  view  of  the  fact 
that  they  occur  so  far  removed  fr  a  the  centres  of 


poplulatlon  where  they  might  bo  U3e&.  fhe  fir  at  stop 
toward  commercial  development  of  tho  dopoalt  seems  to 

i 

be  to  extract  the  bitumen  from  the  sands.  It  would  then 

be  free  from  its  encumbrance  of  valueless  material  and 

available  for  economical  transportation,  and  for 

submission  to  whatever  mojmfacturing  Operations  are 
ir 

roquired  to  got A into  form  for  profitable  sale  on  the 
marfeot.  It  is  not  surprising,  then,  that  much  thought 
and  attention  has  been  expended  on  the  devising  of  schemes 
for  the  extraction  of  the  bi turnon. 

The  difficulties  and  expense  attached  to  mining  the 
bituminous  sands  in  order  to  put  it  through  some  extrac¬ 
tion  process  has  lead  to  efforts  to  divise  ways  and 
moans  of  avoiding  the  question  of  mining  and  of  securing 
the  bitumen  directly  from  the  deposits.  Several 
experiments  in  this  direction  have  been  made  in  the 
bituminous  s  mid  area  and  other  schemes,  used  in  other 
parts  of  the  world  have  been  proposed.  An  attempt  was 
made  near  Me Hurray  to  drive  the  bitumen  out  of  the 
deposit  by  means  of  heat.  f£wo  drill  holes  were  rut  down 
side  by  side.  An  electric  boating  unit  was  lowered  into 
one,  and  the  other  was  connected  to  a  condensing  system 
at  the  surface,  fho  heat  was  to  have  vaporised  the 
bitumen  in  situ,  the  vapors  escaping  up  the  opes  hole 
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through  the  condenser*  "’ho  rtmont  woo  a  failure. 

A  similar  scheme,  but  of  modified  form  Is  being  experiment* 

i 

ed  with  at  the  preaent  tl  ©•  It  consists  of  putting  live 
steam  und  r  high  pressure  into  the  deposit  for  bh© 
mirpos©  of  makixkg  the  bitumen  fluid  and  mobile.  In  this 
state  and  with  the  help  of  the  ©team  preseort,  the  bitumen 
Is  counted  upon  to  move  readily  through  the  sand  and 
collect  In  a  well  flunk  to  receive  It*  fhoae  experimenting 
along  this  line  claim  success,  but  non©  with  technical 
qualifloat :  ons  a  :>  directing  or  observing  what  ic  being 
clone.  It  io  conseexuentiy  difficult  to  lace  any 
Judgment  on  tho  value  or  significance  of  the  experiments. 

It  ha:  also  boon  proposed  to  extract  bitumen  from  tho 
bituminous  sand  deposits  by  the  method  of  drainage  by 
shafts  and  galleries  which  hm  bean  practised  at 
Peoheiferonn  in  Alsace#*  Hho  Fcohoibroim  deposit  consists 
of  a  >otroilforotts  s-mci  formation  from  which  the  oil 
has  bean  exhausted  so  far  as  development  by  drilling 
could  exhaust  It*  It  has  been  found  that  shafts  oim  be 


*  forking  of  Petroleum  by  mans  of  ’hafts  and  Ball  -rice* 

Paul  doOhambrior  J.  Inat*  Petr.  fooh.  July  19£1  p#i77 
Exploitation  du  petrol©  or  ?ulto  ©t  GaEerles,P&ui  do 
uhamferier*  Junod,  Paris,  19&1. 

technique  dec  ofcrole  •  n.  uottrau.  Octave  Boin,  Paris #  L9£i 
•Exploitation  fXxx  Petrol©  par  Drainage  outerrain*  Paul 
de  ohanbrlor.  Bulletin  do  B1  Inobitut  4u  Petrol©*  May  SI, 
19&3  p*£6S*  Hecovery  of  Petroleum  fey  hafts  and  asHerier 
at  Pochelferozm,  Alsace,  Prance  and  at  lots©,  Hanover , 
Bernany*  Chas  cams©  11  and  .rthor  Buis  son  'mmrm&vm  Bor  ice 
fLO, feb. 1924,  Mines  Branch,  i>ept  of  Mines  Ottawa. 
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sunk  into  the  shallow  formation  and  gal lories  driven 
through  it  without  mooting  unduo  difficult toa  and  that 
tho  mobilo  oil  in  tho  sands  will  drain  into  tho  gal lories* 
It  is  vory  questionable  whothor  any  suoh  action  of 
drainage  would  take  ^laoe  with  tho  Alberta  bituminous 
sands  containing  as  they  do,  a  much  more  viscous  oil 
than  that  in  tho  Alaoian  deposit. 

Most  schemes  proposed  fdr  extracting  bituraon  from 
tho  bituminous  sands  Involve  tho  mining  of  the  material 
before  extraction  is  attempted.  fPhey  group  themselves 
into  sovoral  genoral  classes.  An  obvious  method  often 
nropoeod  with  slight  variations  is  to  nlace  the 
bituminous  sand  in  some  form  of  retort  and  drive  out 
the  bitumen  by  application  of  heat*  Experimental 
retorts  have  been  set  up  near  McMurray  by  a  promoter 
named  Dutoher  and  by  2hos  Draper  of  the  McMurray 
Asphalt urn  and  Oil  Co,  Waterways*  A  cracked,  nondescript 
crude  oil  results,  but  which  could  no  doubt,  be  worked 
up  into  marketable  commodities,  fhe  economics  of  the 
process  both  as  to  hoat  consumption  and  to  valuo  of 
the  resulting  oil  are  very  questionable.  Another  typo 
process  which  periodically  makes  its  appearance  in 
the  newspaper  columns  at  least  is  the  extraction  of 
the  bitumen  constituent  of  the  sands  by  means  of  solvents 
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and  tho  recovery  of  fche  solvent  by  distillation. 

Processes  of  this  sort  have  boon  tried  in  other  parts 
of  the  continent,  but  have  not  boon  successful,  due  to 
tho  inevitable  looses  of  solvent.  A  prooess  known  as 
the  Borglue  Prooess  Is  being  actively  proposed  at  the 
present  time  as  being  applicable  to  the  bituminous  sands* 
fhls  scheme  Is  being  developed  in  Germany  and  consists 
of  cracking  the  bitumen  under  pressure  with  simultaneous 
hydrogenation*  Large  yields  of  motor  spirits  are  claimed 
for  the  prooess*  processes  of  this  sort  aro  gradually 
ooming  to  the  front  and  are  certain  to  be  of  importance 
in  the  future.  f£hey  are  probabLy  premature  at  the 
present  time  on  this  continent.  And  In  any  oase ,  the Jr 
application  to  the  bitumlhous  sands  is  more  likely 
to  be  for  tho  bitumen  af$er  extraction  rather  than  as 
a  moons  of  extraction*  Finally  there  are  a  variety 
of  proposed  processes  of  extraction  which  involve 
tho  nrinoiple  of  separation  of  bitumen  and  sand,  and 
the  flotation  of  the  bitumen  by  means  of  hot  water,  fhe 
process  developed  by  the  Industrial  itesearch  department 
and  successfully  practised  on  a  semi-oommerciai  scale 
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belongo  to  this  category#  A  proooso  patented  by  on 
English  investigator  named  Ernest  Fy  lemon  oloseLy 
resembles  tho  Industrial  Keseauaoh  department  process  in 
some  of  its  features  at  least A  Canadian  patent  for 
a  water  flotation  process  has  also  boon  obtained  by 
James  fait,  of  Vancouver,  a  driller  who  has  operated 
in  the  bituminous  sand  area# 

Practical  Application  of  tho  Bituminous  Sand 

Tho 

application  of  the  crude  bituminous  sands  for  pavement 
construction  work  has  long  been  advocated.  The  services 
ability  of  the  material  for  building  pavements  was 
demonstrated  by  an  experiment  carried  through  by  tho 
Mines  Branch  nopartmont  of  Mines  in  1915.  Crude 

bituminous  sand  was  brought  to  Edmonton  at  great  expense 

/ 

and  laid,  after  admixture  of  extra  sand  or  rook,  and 
mineral  filler,%nd  after  suitable  heat  treatment,  as 
shhet  asphalt,  bituminous  concrete  and  fopeka  aggregate 


♦Fourth  Annual  Hcport  of  the  industrial  and  Scientific 
hosoarch  Council  of  Alberta,  1924.  Also  of  First, 

Second,  and  fhird  Annual  Eeports. 

♦+fhe  Separation  of  Adherent  Oil  or  Bitumen  from  Mock 
Ernest  Fyloman.  3.  Soo.  Chem.  Xnd.  XLI  2,  Jan#51f  1922# 
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on  a  oonoroto  foundation  on  Kinnaird  Ave.*  The  pavoment 
has  stood  the  test  oinoe  the  time  of  laying,  to  the 
nrcaent  time#  v/hon  tho  A.  &  G.W.  iiy •  finally  roaohed 
the  bituminous  aroa  and  v/ao  put  into  operation  as  for 
as  aterv/ays,  a  company  called  The  Me  Mur  ray  Asphaltum 
and  Oil  Oo.  (Thos.  Braper,  Potrolia,  unt..  President) 
was  formed  and  secured  a  lease  beside  the  railway  at 
Waterways.  The  company  has  pushed  the  Idea  of  using 
the  crude  material  for  road  construction  and  has 
attempted  to  work  up  a  business  in  shipping  bituminous 
sand.  Tho  availability  of  supply  of  material  at  a  figure 
not  altogether  prohibitive  * 4has  stimulated  experiment¬ 
ation  In  Its  use#  As  a  result,  the  City  of  T&monton 
secured  two  carloads  of  bituminous  sand  and  made  use  of 
it  during  1922  in  surfacing  cinder  sidewalks.* ^During 
the  same  year,  the  McMurray  Asphaltum  and  Oil  Oo.  laid 

| 

Jr.ummary  Beport  1916,  Mines  Branch,  Bepartment  of  Mines, 

p.  69 

4-  4 

Third  Annual  Beport  Industrial  and  Scientific  Beseareft 
Ooiuk1*  9f  Alberta,  1922  p.61. 

* 4 4 The  McMurray  Asphaltum  and  Oil  Oo.  charged  $5 #00 
per  ton  FOB.  Waterways.  The  A.  &  0. ./.  By.  charged 
P4.60  per  ton  freight  to  the  inmvegan  Yards,  Wdmonton. 
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some  demonstration  sidewalk  on  the  Exhibition  Grounds 
at  Edmonton  during  exhibition  time.  In  tho  falL  of  1923 
the  dop:irtmont  of  Pubilo  iVorko  bought  six  oar  loads  of 
bituminous  sand  and  laid  a  stretoh  of  experimental  road 
on  the  Et.  Albort  Trail,  adjacent  to  the  Edmonton  and 
Dunvogan  Railway  Yards.  A  aupply  of  crude  sand  was 
secured  by  the  Industrial  .Research  department  and  some 
of  this  was  used  in  making  sidewalks  on  the  University 
Campus.  Bituminous  sand  was  also  shipped  to  the  to?m 
of  Bon  Accord  for  making  sidewalks  and  to  Jasper  National 
Park  for  road  surfacing.  The  results  obtained  were 
reasonably  good  in  all  cases.  The  indications  of  cost, 
tuhore  kept,  were  not  such,  howevcsr,  ae  to  show  any 
advantage  in  the  use  of  the  crude  bituminous  sands  in 
place  of  local  sand  and  refined  asphalt. 

The  main  part  of  the  supply  of  bituminous  sand 
secured  by  the  Industrial  Research  department  was  used 
for  separation  trials  in  its  semi-commercial  plant. 

The  bitumen  separated  ?/as  utilized  in  the  construction 
of  a  trial  stretoh  of  bituminized  earth  road  on  the  Port 
Trail  at  the  outskirts  of  the  City  of  Edmonton.  This 
experiment  differed  from  the  others  mentioned  in 
connection  with  pavement  construction  in  that  the 
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separated  bitumen  Instead  of  the  crude  bituminous  sand  was 
used,  and  in  that  the  aim  was  to  demonstrate  a  type  of 
economical  rural  road  construction  suitable  to  the  needs 
of  tho  orovinoe,  rather  than  to  produce  a  high  class 
pavement.4 

♦Fourth  Annual  Report,  Industrial  and  ^clontiflc  Research 
Council  of  Alberta,  191)4. 
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CHAPTER  II. 


THE  MARKET  HO R  BITUMINOUS  3AI ID 
AND  BITUMINOUS  SAND  PRODUCTS 

Tho  establishment  of  a  successful  bituminous  sand 
industry  13  dependent  unon  the  existence  of  a  sufficiently 
largo  market  in  which  to  dispose  of  the  commodities  it 
oan  produoe,  as  well  as*  upon  its  ability  to  produce 
commodities  at  a  price  which  v/ill  moot  competition* 

.m  Industry  dealing  with  the  bituminous  sand  could  offer 
for  sale  crude  bituminous  sand*  crude  bitumen*  refined 
asphalt*  and  a  oertain  amount  of  distilled  and  refined 
oils.  It  is  of  interest  to  surrey  the  western  market 
for  those  nroduots. 

Crude  bituminous  sand  could  be  mined  and  transported 
a  certain  distance  for  sale  in  competition  with  imported 
refined  asphalt,  and  local  sand  for  pavement  construction* 
But  a3  the  length  of  shipment  increases  it  is  obvious 
that  any  margin  of  advantage  for  the  bituminous  sand 
would  rapidly  disappear.  Edmonton  is  the  nearest  centre 
of  population  to  the  deposits  where  crude  sand  could  be 
used  in  any  quantity. 
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Analyses  of  the  ooots*  of  the  exporimont  in  sidewalk 

surfacing  by  the  City  of  :d  onton,  ulroady  referred  to, 

make  it  Look  very  doubtful  whether  crude  bituminous 

aond  can  bo  shipped  even  as  far  as  ttdmonton  in  the  face 

of  com ootitlon.  Any  small  advantage  in  favor  of  the  orudo 

sand  is  offset  by  the  difficulty  of  skipping  material 

uniform  in  bitumon  content  and  In  grading  of  mineral 

matter  and  In  the  more  complicated  procedure  required 

In  working  up  bituminous  sand  in  place  of  clean  sand 

and  refined  asphalt  Into  pavement  aggregate*  It  must 

be  concluded  that  crude  bituminous  sand  will  never  figure 

largely  as  a  commercial  product* 

fhero  appears  to  be  a  very  fair  possibility  that 

crude  bitumen  separated  from  the  bituminous  sand  will 

find  wide  use  in  Alberta  and  the  other  destem  provinces. 

ffhe  problem  of  providing  good  roads  on  the  prairies  is 

becoming  a  crossing  one*  If  the  crude  bitumen  could  be 

introduced  for  general  use  In  stabilising  the  rural  earth 

road,  enormous  quantities  of  It  would  be  required*  the 

main  highway  system  of  Alberta  has  a  mileage  of  2500  miles 

and  the  main  market  road  system  a  niloage  of  from  10*000 

4ffh±rd  Annual  report  Industrial  and  scientific  m search 
Council  of  Alborta,  (1922)  p.62. 
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to  15,000  miles*  It  Is  the  exceptional  locality  that  has 
a  3Unr>ly  of  gravel  for  tho  modorate  priced  Improvement 
of  Its  roads.  The  experimental  work  of  tho  Industrial 
Kesearoh  uop  irtment  Is  showing  encouraging  indications 
that  eairth  road  stabilization  by  the  uso  of  bitumen  is 
serviceable  and  that  it  can  bo  accomplished  raoro 
economically,  where  gravel  is  lacking,  than  any  obhor 
method  of  improvement*  If  it  can  bo  further  demonstrated 
that  tho  ohoapost  bitumen  for  this  purpose  can  bo 
□unnlied  by  a  bituminous  sand  Industry,  it  is  reasonable 
to  expoct  that  a  large  market  for  its  crude  bitumen 
product  could  be  developed* 

Because  of  the  heavy,  asphalt lo  nature  of  the 
bitumen  contained  in  the  bituminous  sands,  it  is 
inevitable  that  the  main  outlet  for  it  must  be  sought 
in  supplying  material  for  bituminous  road  or  pavement 
work*  For  the  bulk  of  asphalt  produced  is  used  in  this 
way.  Mention  has  Just  been  made  of  the  possibility 

i 

of  developments  in  the  use  of  the  asphaltic  bitumen 
for  earth  road  stabilization.  But  -o  know  for  a 

t 

certainty  that  a  refined  asphalt  can  bo  made  from  the 
bituminous  sands  that  is  eminently  satisfactory  for 
pavement  construction*  'fhe  serviceability  of  tho 
pavements  built  by  the  use  of  the  crude  sands  amply 


f  . 

. 

-  j  :  ,  :  .  ■  .  j 

ij  ~  :  :  -  r  '  ,  ;;  -.:y: 

■ 

' 

- 

•  ■  •  ■  .  ■  .  . 

:  v  ,,-  * 
I  :  '  '  '.1  •  '  V.r  -  .  1 

■ 

, 

’ 

'  -  .o!  ■  •  .  '  ... 

:  '  ^  : 

:  ^  *’  ^  :  ■ 

•  . 


26 


proves  this  aoaortion.  It  la  of  lntorost,  consequent lyt 
to  look  into  the  extent  of  the  re  quire  me  nts  of  the 
e stern  market  for  pave mo nt  asphalt. 

Information  about  the  requirements  of  the  oat 
for  refined  asphalt  was  sought  by  means  of  a  quest ionalre 
sont  to  all  the  cities  and  principal  tov/ns  in  e stern 
Canada  and  the  North-we stern  itates.  The  information 
received  is  recorded  on  the  accompanying  map  of  the 
territory  lying  within  a  radius  of  1#000  miles  of 
noMurray  in  the  directions  of  main  centres  of  population. 
Information  about  freight  charges,  obtained  from  the 
railway  companies  Is  also  shown  in  contour  form.  The 
figures  are  based  on  charges  per  hundred  pounds  in 
tank  c  ir  Lots. 

The  price  which  it  is  necessary  for  any  city  to 
pay  for  its  paving  materials  depends  to  a  considerable 
extent  on  the  amount  which  the  city  procures.  small 
orders  delivered  in  barrels  are  much  more  expensive 
than  the  same  material  would  he  if  delivered  In  large 
tank  cars.  The  remarkable  differences  in  coot  (as 
shown  on  the  map)  of  aving  material  in  the  cities  of 
Minneapolis  and  Valley  City  and  again  of  , innipog  and 
:  askatoon  clearly  indicates  this  point.  The  lap 
indicates  that  the  principal  markets  for  He  Murray 
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bltuiuon  v/iiL  bo  to  tho  south  and  south  oust  of  MoMurray 
as  tho  ooot  of  bituminous  materials  along  the  Pacific 
Coast  is  very  iowf  duo  to  tho  ohoap  water  haul  from 
tho  California  field*  In  reference  to  the  possible 
market  in  tho  United  states  for  material  from  Mo  Murray 
it  may  be  added  that  the  Customs  division  of  the 
TroaBury  uepurtment ,  Washington  has  stated  that 
"paragraph  1609  provides  in  part  for  tho  entry  free  of 
duty  of  asphaltum,  and  bitumen, and  paragraph  1633, 
provides  for  the  free  entry  of  notroleum,  crude,  fuel, 
or  refined* 

Tho  market  for  the  products  from  tho  bitumen  other 
than  that  roquired  for  paving  purposes  can  be  discussed 
only  from  a  comparative 
standpoint*  Figure  1, 
illustrates  the  relative 
proportions  of  the  four 
principal  petroleum  pro¬ 
ducts  produced  in  the 
Unitod  States*  This 
production  is  to  a  con¬ 
siderable  extent  fixed 
by  the  demand*  The 
increase  in  kerosene 
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produotion  has  not  kept  paoe  with  the  other  principal 
pro duot 8 ,  due  partly  to  tho  smaller  amount  whloh  Is 
ro^ulred  for  lighting  purposes  and  also  to  the  greater 
and  greater  amounts  whloh  are  added  to  the  gasoline.  In 
ie stern  Canada  at  the  nrosent  time,  however.  It  Is 
likely  that  tho  kerosene  would  find  a  considerable 
market.  Sho  term  fuel  oil  Includes  orude  oil,  residuum 
from  topping  refineries,  and  distillate  fuel  or  gas  oil. 


Figure  2. 
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A  considerable  amount  of  the  Mo  Mur  ray  bitumen  could  be 
converted  into  the  latter  form  of  fuel  oil.  According 
to  the  Dominion  Bureau  of  statistics,  Ottawa,  3, £16, 610 
gallons  of  fuel  oils  valued  at  ^41£,43£  were  made  in 
1920  for  sale  in  the  four  westorn  provinces  of  Manitoba 
Scistatohewan,  Alborta  and  British  Oolumb  >• 

The  production  of  lubricating  oile^by  Industrie o 
as  shown  in  the  sketch*  But  the  demand  which  is 
increasing  most  rapidly,  namely  that  of  the  automtive 
industry,  should  create  a  considerable  local  market. 


—  m  the  United  States  is  shotun  in  fig.  2.  In  the  Canadian 
West, at  present  there  mould  not  be  so  great  a 

relative  demand  For  lubricating  oils - 
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CHAPTEfl  111 

THE  BITUMEU  OF  THE  BITUMIITOUS  3AHDS 

The  products  which  arc  refined  from  crude 
petroleums  and  mineral  oils  of  a  related  nature ,  as 
for  instance  the  bitumen  contained  in  the  bituminous 
sands,  const ltuto  a  large  and  varied  array  of 
commercial  commodities.  All  such  products,  hov/ever, 
are  not  made  from  any  given  crude  oil.  The  products 
which  a  refinery  manufactures  depends  on  the  demand 
of  the  market  which  the  refinery  serves  and  upon 
the  sort  of  products  it  is  possible  for  the  refinery 
to  manufacture  from  the  particular  crude  oil  or  oils 
which  it  refines.  A  refinery  undertaking  to  work 
up  the  bitumen  in  the  bituminous  sands  would  bo 
subject  to  these  two  factors.  An  attempt  has  been 
made  to  survey  the  available  market.  It  now  remains 
to  investigate  the  bitumen  itself  and  determine  what 
produots  that  oan  be  disposed  of  in  the  market  can  be 
manufactured  from  it. 

The  commercial  evaluation  of  a  crude  oil  is  a  task 
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that  must  be  por formed  bo fore  piano  oan  be  formulated 
for  Its  commercial  development*  There  Is  not  only  the 
question  of  whether  the  material  oan  be  worked  up  at 
a  profit*  There  Is  the  question  of  what  sort  of 
refining  equipment  Is  needed  to  handle  the  particular 
oil  In  question,  and  turn  out  the  products  It  Is 
capable  of  yielding*  ho  standard  procedure  has  beon 
laid  down  for  conducting  the  examination  and  evaluation 
of  a  crude  oil,  although  the  general  features  of  such 
work  is  generally  understood*  It  consists  in 
determining  the  general  characteristics  of  the  orude 
oil  itself,  in  the  small  aoale  separation  of  the  crude 
oil  Into  its  constituents  by  laboratory  distillation 
apparatus,  and  in  the  do  termination  of  the  physical 
and  chemical  properties  of  these  constituents  that 
have  a  bearing  on  their  refinement  for  commercial 
purposes*  A  substantial  step  toward  the  standardization 
of  the  testing  of  petroleum  has  been  made  by  the 
Institute  of  Petroleum  Technologists  in  Sngland*  A 
report  of  the  progress  of  the  sub-committee  of  this 
organisation  which  is  studying  the  standardization 
problem  Is  published  in  the  transactions  of  the 
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Institute.*  It  consists  of  on  enumeration  of  toots  and. 
methods  of  performing  tho  tests,  to  be  performed  on 
the  crude  oil  and  on  the  nrlnoipal  fractions  ouch  as 
gasoline,  kerosene,  fuel  oils  and  lubricants  which  are 
separated  from  it  by  distillation.  'he  transactions 
of  tho  Institute  also  contain  a  number  of  papers 
reporting  on  tho  nature  and  char actor  is tics  of  crude 
oils  from  various  r>arts  of  the  world  which  illustrate 
to  a  oertain  degree  at  least,  the  oraotioal  working 
out  of  the  examination  procedure.’*"*' 

Probably  tho  most  Important  operations  in  the 
examination  of  orude  oil  are  the  distillation  operations 
whereby  the  material  is  resolved  into  the  principal 
groups  of  fractions  of  commercial  olgnlf icanoo •  The 
first  fractionations  of  tho  bitumen  of  the  bituminous 


*The  Standardization  of  the  Testing  of  Petroleum  and 
its  i>roduots.  A.E.  Bunstan,  J.  Inot.  Petro.  Tech.  8f 
578  (  1922) 

*f+The  Crude  Oils  of  Borneo.  J.  Xewley,  J.  Inst.  Petro. 
Teoh.  7,  208  (1921) 

Heavy  Grade  Egyptian  Orude  Oil.  /.A.  Guthrie,  J.  Inst. 
Petro.  Tech.  9,  212  (1923) 

The  Crude  Oil  of  Mai dan i- Haft on.  A.E.  Bunstan,  J.  Inst. 
Petro.  Tech.  10,  52  (1924) 

The  Crude  Oil  of  Sarawak.  James  Kfcwley.  J.  Inot.  Petro. 
Teoh.  10f  42  (  1924) 
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Bond  in  tho  prooent  investigation, we re  accomplished 
by  steam  distillation  using  a  form  of  apparatus 
described  by  Ho ldo  &  Mueller.4  This  method  was 
superceded  by  vacuum  distillation,  using  the  procedure 
and  apparatus  recommended  by  the  Bureau  of  Mines, 
Washington,  as  a  result  of  extended  study  of  the 
application  of  vacuum  distillation  to  examination 
of  petroleums  and  oils.+4fhe  vacuum  method  allows  of 
the  separation  by  distillation  of  the  petroleum  Into 
its  Important  fractions  in  a  way  which  simplifies  the 
securing  of  quantitative  data.  Laboratory  Btoam 
distillation  more  nearly  approaches  the  commercial 
practise,  but  the  orosenoe  of  v/ator  in  along  with  the 
distillates  and  the  formation  of  emulsions,  makes 
measurements  of  quantities  difficult  and  unsatisfactory# 
fhe  examination  of  a  crude  oil  by  vacuum  distillation 
should  be  supplemented  by  steam  distillations,  however, 

Examination  of  Hydrocarbon  Oils  and  Saponifiable  rats. 

Holde  &  Mueller,  p  Bo. 

++Iho  Anaiyt loal ‘Distil lat ion  of  Petroleum  and  Its 
Produots.  E.T/,  Doan,  H.8»  K*ll,  1; . A. 0 .  Smith  and 
•/•A.  Jacobs,  .bureau  of  nines  Bulletin  ,  Dept, 

of  Interior,  Washington. 
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and  on  a  scale  which  will  yield  lorgor  quantities  of 
the  important  fractions  than  la  at  all  convenient  by 
laboratory  vacuum  work#  riuoh  larger  scale  stoom 
distillations  wore  made  of  the  bitumen  of  the  bituminous 
sands,  using  a  five  gallon  metal  steam  still  and 
accessories  designed  aftor  the  suggestions  contained 
in  the  Bureau  of  Minos  Bulletin  alroady  referred  to. 

Wo  pretention  is  made  that  the  investigation 
reported  in  this  thesis  has  succeeded  in  comprehensive ly 
carrying  through  the  commercial  evaluation  of  the 
bituminous  3and  bitumen*  Many  difficulties  were  met, 
both  because  of  tho  necessity  of  getting  together  and 
acquiring  the  technique  of  handling  the  necessary 
apparatus  for  carrying  through  the  examination  and 
because  of  the  peculiarities  of  tho  material  being 
examined  which  introduced  extra  troublesome  problems. 

The  most  noteworthy  of  these  problems  w.  s  that  of 
ridding  tho  samples  of  bitumen  needed  for  distillations 
of  the  large  amount  of  water  emulsified  in  them.  Because 
of  the  time  limit  set  for  making  this  report,  it  has 
been  necessary  to  stop  the  investigational  work  and 
record  progress.  However,  a  fcery  considerable 
accumnulation  of  data  has  boon  secured  from  which 
deductions  about  the  probable  commercial  value  of  the 


■  — 

t 

, 

•  '  •  •  •  W,  a-  :  V  •  v ytg  «#£ 

. 

■■ 

■  .•  •  .  ,  ;  •.  •  -  '  -\i  i'  ■  - i 

. 

' 

:  •  m 

- 

■  -•  ••  "  :v  .  -  :vJ.  -v,  /■ 

1 

■ 

♦  r  «  .*  ■>£  * 

- 

■  -  .  .  i.  :  €::  Irt  :  •  V  ■  Iti 

. 

'  ■  ■  .  ■  :  - ;  .  -Or. 

•  J  v  ^  noli  \J;r  • 


bitumen  of  tho  bituminouB  sands  oan  bo  drawn 


Past  Examinations  of  the  pltumlnous  bond  Bltumdn 
Before  proceeding  to  record  the  results  of  the  Investigate 
that  has  boon  under  way  in  the  Laboratory  of  the 
Industrial  iteaooreh  department,  notice  should  be  taken 
of  what  information  ha3  been  seoured  in  the  past 
concerning  the  bituminous  sand  bitumen  by  other 
investigators*  Samples  of  bituminous  sand  have  boon  sent, 
during  past  years,  to  Investigators  in  various  parts  of 
tho  world  for  examination  purposes*  Tho  samples  were 
generally  small  ones,  thus  making  pos  lble  only  the 
most  meagre  tests  on  tho  contained  bitumen*  In  some 
oases,  howevor,  fairly  comprehensive  examinations  have 
been  carried  out.  The  examinations  have  been  conducted 
under  a  variety  of  conditions  and  the  results  are 
conflicting*  This  feature  is  clearly  indicated  in 

► 

Table  11,  page  37,  which  presents  a  summary  of  tho 
results  of  the  miscellaneous  examinations  of  which 
the  Industrial  Research  department  has  record.  It  is 
seen  that  there  13  groat  variation  In  the  reported 
percentages  of  the  principal  commercial  fractions 
present  in  the  bitumen* 

The  physical  properties  of  the  bitumen  content  of 
the  bituminous  sands,  from  the  standpoint  of  asphalt 
examination,  have  been  reported  by  3.0.  dlls,* 
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and  by  Abraham* 44 

The  ohemloal  nature  of  the  bituminous  sand  bitumen 
has  been  investigated  by  W*F.  Ueyer. 444Soyor  extracted 
the  simpior  oonstituonts  of  the  bitumen  by  means  of 
light  netr oleum  ether  and,  by  means  of  vacuum 
distillation,  separated  these  into  the  individual 
hydrocarbons,  By  means  of  ultimate  analysis,  molecular 
v/olght  determinations  and  measurements  of  the  physical 
properties  of  density,  refractive  index  and  optical 
rotation,  it  was  possible  to  assign  an  imperical  formula 
to  each  hydrocarbon  and  to  determine  the  hydrocarbon 
series  that  were  represented*  An  ultimate  analysis 
of  the  bitumen  in  comparison  with  analysis  of  other 
asphalts  of  the  chemical  constituents  of  the  lighter 
fractions  of  the  bitumen  with  their  properties,  tamen 
from  Beyer's  publication,  are  given  in  Tables  111  and  IV, 
pages  38  and  39* 

^Bituminous  sands  of  northern  Alberta.  8.0.  Ills 
Bulletin  Ho  £81,  nines  Branch,  nept.  of  Mines,  Ottawa, p77 

44 Asphalt  and  Allied  Substances.  Abraham,  p.  106 

+44M.sc  thesis,  University  of  Alberta. 

ICrioble  and  Soyer.  J.Am.  Chem.  -oc.  43,  1339  (19£1) 
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UnsoKsfacl-ory  nature  is  charqcPer »s*i'c  of  the  miscellaneous  inFprmat'on  regordin^ 


TABU  III 


ULTMVrS  COUPQSXTZOS  07  TH»  tl  mfflT**OU8  SARD  I  ITUIIHI  IM  COMPARIBCH 
WITH  CTH*R  ASPHALTS.  * 


AJTHALT 

Sulphur  % 

Cay ton  J( 

Hycdro^er^ 

nitrogen  % 

ftavada ••»*.»* 

9.?6 

a. 58 

9*31 

1.30 

Trinidad..... 

6.23 

82.33 

10*69 

0.81 

Bemud  ez . 

5.8? 

82.88 

10.T9 

O.T5 

Alberta  ••»•#• 

2.?3 

64.49 

11*23 

0.04 

Mexico.  •*•••• 

1.46 

8  5.65 

12*39 

0.00 

Texas. ...... . 

1.13 

6T.27 

11.T9 

0.23 

Table  taken  fro?a  Kroible  &  Soyer*  J*  As*  Chaw.  Ooe.. 

4 i.  1339  (1921)*  Analyse®  of  oth?  r  asphalts  are  those  chosen 
by  C.  Ichardoon  as  rsfer&ioe  standards#  1*  See*  "boa*  !nd«* 
j£#  29.  (1S9S). 
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TABLE  IV 


EMPIRICAL  FORMULAE  AND  PHYSICAL  PROPERTIES  OF  THE  8IMPLER 
HYDROCARBON  CONSTITUENTS  OF  THE  LITUMEN  OF  THE  BITUMINOUS  SANDS 

(kreible  <fc  Seyer) 


Series 

Empirical 

Formulae 

Bolling ! 

Point , 

•c. 

Preoeure, 
in  tom. 
Mercury 

Dene it v 

at  20°C. 

Refract ive 
Index, 

2 0*S°C. 

c«»2n 

c11h22 

75-80 

10 

0.8186 

1.4450 

c12h  24 

95-99 

10 

0.8395 

1.4580 

C  13  H  24 

81-84 

3 

0.8558 

1.4640 

®  14  11 26 

90-93 

2.5 

0.8632 

1.4681 

c15H28 

95-98 

2 

0.8723 

1.4722 

C  n  H 2n-2 

c  16  H  30 

107-110 

2 

0.6751 

1.4778 

c  17  H  32 

122-125 

2 

0.8833 

1.4820 

c  18^34 

133-135 

1.5 

0.8889 

1.4768 

C 19  H  36 

143-147 

l 

0.8926 

1.4858 

C  20  H  30 

153-156 

l 

0.8977 

1.4911 

C  21 H  38 

158-162 

0.7 

0.9026 

1.4942 

c  a  H  2a-4 

c  23  H  42 

183-184 

0.7 

0.9 180 

1.5011 

c25h46 

220-225 

0.7 

0.9432 

1.5180 
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Preliminary  a  team  nig  1 1  nations 

l#  Introductory  observations.  In  commencing  tho 
Investigation  of  the  bitumen  in  the  bituminous  sands, 
a  form  of  fractional  steam  distillation  was  employed. 

It  appeared  from  previous  experience  that  fractional 
distillation  without  the  ala  of  steam  or  some  other 
expedient  for  reducing  boiling  points  7/as  not  applicable 
to  thl9  material. 

''motional  distillation  is  tho  method  used,  whether 
in  industrial  work  or  in  the  laboratory,  for  the 
separation  of  petroleum  or  similar  materials  into  their 
commercial  constituents.  By  fractional  distillation 
is  meant  the  operation  of  converting  the  hydrocarbons 
of  which  the  oil  is  composed  into  vapours  in  the  order 
of  their  increasing  boiling  points,  by  the  means  of 
heat  and  the  condensing  of  these  vapours  as  they  pass 
off  in  euoh  a  way  as  to  secure  groups  of  hydrocarbons 
with  boiling  points  that  fall  between  predetermined 
and  desirable  limits.  The  boiling  points  of  the 
various  hydrocarbons  of  a  crude  oiL  cover  a  wide  range 
of  temperature*  They  are  grouped  in  commercial 
practise,  into  a  small  number  of  fractions,  broadly 
indicated  by  the  terms  gasoline,  kerosene^  gas  and  fuel 
oils,  and  lubricants.  True  fractional  distillation 


. 

' 

. 

' 

* 
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of  a  mineral  oil  la  seldom  attained.  Cracking4  takes 
place  which  changes  some  of  tho  hydrocarbons  of  the 
mineral  oil  into  other  hydrocarbons  and  those  instead 
of  tho  original  omeo  aro  oolieotod  in  the  condensed 
vapours  or  distilLates.  If  tho  distillation  of  the 
mineral  oil  is  carried  out  under  reduced  pressure  or  by 
the  use  of  live  steam,  cracking  is  materially  reduced 
but  not  entirely  prevented.  At  least, a  higher  temperature 
can  be  reached  and  a  larger  proportion  of  the  oil  can 
bo  vaporized  and  collected  as  condensate  before  tho 
cracking  effoot  beoomes  pronounced  than  who n  reduced 
pressure  or  steam  distillation  is  not  employed.  In 


*wThe  term  cracking  is  used  to  designate  the  process  of 

splitting  up  a  hydrocarbon  or  hydrocarbons  into  other 
hydrocarbons  by  the  action  of  heat.  f£ho  cracking  of 
any  given  hydrocarbon  usually  results  in  the  formation 
of  at  least  one  other  hydrocarbon  which  carries  a 
hlghor  percentage  of  carbon  than  did  tho  original,  and 
therefore  at  least  one  which  carries  a  lower  percentage 
of  carbon  and  a  higher  percentage  of  hydrogen.  In 
addition  it  almost  invariably  results  in  the  formation 
of  hydrocarbons  more  unsaturated  than  the  original 
hydrocarbon  which  is  cracked.”  Highway  Engineers1 
Handbook.  Blanchard  p  615. 


■ 


some  commercial  diati  Hat  lone ,  crocking  la  do  11  borate  ly 

sought  after  in  order  to  inoroaoe  the  yield  of  low 

boiling  distillates  at  tho  expense  of  the  higher 

boiling  components  of  the  original  oil.  But  for  tho 

examination  of  an  oilt  it  Is  desirable  to  change  its 

nature  as  little  as  'possible  and  consequently 

precautions  are  taken  to  reduce  the  cracking  to  a 

minimum.  By  tho  use  of  reduced  oressure,  the  boiling 

oolnt3  of  the  hydrocarbons  are  lov/ered  and  It  Is 

possible  to  distil  off  a  much  greater  proportion  of 

the  oil  before  a  temperature  at  which  cracking  takes 

place  is  reached  than  v/ould  be  the  case  if  atmospheric) 

pressure  prevailed.  The  passing  of  live  steam  through 

the  distilling  oil  has  a  similar  effect  in  that  the 

vapors  of  the  heated  hydrocarbons  aro  swept  away  and 

the  oil  components  removed  from  tho  still  at 

temp  raturos  very  appreciably  below  their  boiling  point# 

The  s bo am  distillation  has  a  further  effect  in  that  the 

3team  protects  the  vapours  of  the  oil  from  contact  with 

the  hot  still  walls  which  apparently  can  cause  a 

greater  ora°klng  effect  than  the  temperature  #0  which 
the  body  of  oil  in  the  still  has  been  raised. 

Tho  initial  separation  of  an  oil  into  its  fractions 
by  fractional  distillation  is  not  likely  to  be  an 
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entirely  satisfactory  one  unless  precautions  ore  taken. 
This  is  due  to  tho  fact  that  vapours  of  hydrocarbons 
other  than  those  which  are  at  tholr  boiling  ooint  ore 
mechanically  swept  out  of  the  still  and  collected  with 
oondensatos  to  which  thoy  do  not  naturally  be  Long.  It 
is  , desirable #  however,  to  aooomplish  a  satisfactory 
separation  by  distillation  by  as  few  rodlstillatlon 
operations  a3  possible.  This  result  Is  sought  by 
including  in  the  still  arrangement  such  devloos  as 
dephlegmators  and  fractionating  columns.  The  purpose 
of  these  is  to  oondonoe  and  return  to  the  still  by 
gravity  the  less  volatile  vapours  which  are  trying 
to  escape.  An  arrangement  known  ao  a  fractional 
oond  naer  Is  3omotimeG  used..  Such  a  device  does  not 
return  tho  less  volatile  materials  to  the  still.  Instead 
it  condenses  and  collects  the  vapours  as  they  pass 
al  -ng  taking  them  out  of  the  vapour  stream  in  the 
order  of  their  increasing  volatility.  All  stills, 
whether  for  commercial  or  laboratory  use  are  provided 
with  some  form  of  tho  devices  mentioned.  What  forms 
are  usod  deoend  on  such  circumstances  as  the  nature 
of  the  oil  being  distilled  and  the  fractions  it  is 
desired  to  colledt# 
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£•  'The  Distill.  :tlon  Apparatus  and  ProcoAuro 

Tho  steam  diet  I  nation  apparatus  used  for  the 
preliminary  distillations  of  the  bituminous  sand  bitumen 
is  shov/n  in  the  ao company ing  photograph.  It  oonsisted 
of  a  small  3team  generator,  a  superheat  r  for  tho  steam, 
a  still,  two  air  condensers  and  a  water  condenser  and 
vessels  for  oollocting  the  distillatos.  The  drawing 
of  tho  steam  distillation  apparatus  uood  in  later  work 
(of.  p.88)  illustrates  tho  same  plan  .  ,it  on  which 

the  prosont  apparatus  worked  except  for  the  condenser 
arrangement • 

The  samples  for  distillation  were  taken  from 
stock  of  bitumen  which  had  been  secured  through  the 
operation  of  ;bhe  bituminous  sand  separation  piant  of 
the  Industrial  Research  Department  during  the  summer 

of  The  mrocoss  of  separation  was  such  that  no 

■F  '  \ 

change  in  tho  nature  of  the  bitumen  as  it  exists  in 
the  bituminous  sands  should  bo  suspected.  It  was 
heavily  charged  with  emulsified  water,  hov/ever.  Tho 
water  was  removed  from  the  samples  for  distillation  by 

i.? 

placing  a  Lar$e  pan  of  the  bitumen  in  an  oven  and 

5 

maintaining  it  at  a  temperature  sufficiently  high  to 
cause  the  ’water  to  evaporate.  This  method  of  dehydration 
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Apparatus  used  in  preliminary  steam  distillations 


undoubtedly  caused  the  evaporation  of  a  oortaln  amount 
of  tho  more  volatile  constituents  of  the  bitumen  but 
It  was  tho  only  method  available  at  tho  time.  The 
usual  oharge  of  bitumen  placed  In  the  still  was  about 
9  pounds*  Heat  was  applied  to  the  still  from  below 
by  a  gas  burner,  the  flame  being  prevented  from  reaching 
tho  still  bottom  by  a  baffle  plate.  The  hot  gases  were 
conducted  around  the  still  walls  by  means  of  a  metal 
jacket.  3toam  was  supplied  by  tho  steam  generator  and 
heatod  in  the  superheater  to  a  temperature  above 
300  dog  0  if  desired.  This  etoam  passed  through  a 
stoom  coil  lying  near  the  bottom  of  the  still,  rrom 
there  the  steam  escaped  through  the  perforations  into 
the  bitumen,  through  which  it  passed  and  on  out  through 
tho  low  dome  on  the  tdp  of  tho  still,  carrying  oil 

vapours  with  it.  The  vapours  then  passed  through  two 

page  4b 

air  condensers.  These,  as  shown  in  Figure  3,;fhad  three 
points  at  which  the  condensate  had  an  opportunity  to 
collect  and  escape.  Any  vapors  which  did  not  condense 
in  the  air  condensers  passed  on  Into  the  water  condenser 
at  the  ond  of  which  the  final  distillates  was  collected. 
The  three  condensates  from  number  one  air  condenser 
were  put  together  and  are  indicated  in  Table  V,  page  49, 
as  fraction  A.  The  three  condensates  from  number  two 
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air  oondonsor  wore  also  combined  and  are  Indicated 
as  fraction  B,  while  the  oondonsate  from  the  water 
condenser  la  called  fraction  0.  J?’or  rune  where  no 
fr  otion  B  la  mention,  only  one  air  condenser  was  used* 
The  residue  was  removed  from  the  otill  after  Its  weight 
had  been  determined,  and  waa  oet  aside  for  further 
examination*  The  air  condensers  wore  most  effective 
up  to  the  temperature  of  350  deg  0*  At  higher 
temperatures,  a  considerable  proportion  of  the  vapor3 
were  caused  by  cracking  and  none  of  these  were  condensed 
in  the  air  condensers.  All  oil  emulsion  formed  in  the 
condensing  system  was  caught  by  the  air  condensers  with 
the  result  that  a  fairly  clear  distillate  was  obtained 
from  the  water  condenser.  It  was  noticeable  that  the  air 
condenser  nearest  the  still  should  either  have  had 
deeper  U's  or  have  been  made  of  smaller  bore  than  the 
one  farther  away.  The  higher  temperature  and  pressure 
near  the  still  blew  out  the  oil  trap  formed  in  the  U 
and  allowed  vapours  to  escape  if  not  prevented  from 
doing  so  by  a  cork. 

Temperatures  of  the  vapours  in  the  still  head 
and  of  the  superheated  3 team  wore  recorded. 

3.  Tests  Applied  to  Products  of  distillation 


Two  tests  which  are  invariably  made  in  the 
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examination  of  a  crude  oil  arc  the  di  t illation  toot 
showing  the  percentages  of  the  oil  distilled  over 
at  successive  intervals  of  temperature  rise  and  the 
specific  gravity  of  the  distillates.  '.That  other  tests 
are  performed  depend  on  the  oil#  If,  for  instance, 
there  is  a  large  fr  iction  of  Lubricating  oil,  the 
viscosity,  Oonradson  carbon  residue,  and  cold  toots 
will  be  made  at  Least  on  this  fraction},  while  if  fuel 
oil  constitutes  an  Important  fr  at ion  this  will  be 
tested  for  sulphur  content  and  flash  point  in  addition# 
Tho  residues,  if  they  are  suitable  for  navement  asphalts, 
arc  toa'jc  I  for  vo lat i lity,  solubl lity  in  various  solvonts, 

W>  C/tfi  v- .  ^ 

penetration,  float  test,  molting  nolnt  and  ducllifcy# 
fho  fractions  given  by  the  steam  distillation  of 
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the  bitumen  of  the  bituminous  sands  were  oubmitted  to 
the  following  toots: 

(a)  Cpeolflo  Gravity .  The  opooiflo  gravities  wore 

dotormined  by  the  use  of  a  hydrometer  in  accordance 

# 

with  the  procedure  described  by  the  Bureau  of  standards* 
Corrections  for  temperature  in  order  to  reduce  the 
readings  to  tho  proper  value  for  15.6  deg  C/15.6  deg.  C 
wore  made  by  the  use  of  the  Bureau  of  standards 
correction  tables.'4’ 

(b)  Carbon  .:^oslduo  (Ounradson  Method)  This  test  was 
applied  as  specified  in  the  A.3.T.M.  standard  tost 

+  4 

i),  47-21.  rfhe  tost  consists,  briefly,  in  heating  ten 
grammes  of  the  oil  in  a  oruolble  sot  Inside  two  other 
larger  and  jaoketting  crucibles  of  specified  size  and 
arrangement  for  a  given  ti  e  under  given  conditions 
and  determining  the  percent  of  the  carbon  residue  left, 
(o)  Viscosity.  A  glass  vlscosimiter  suitable  for  the 
measurement  of  viscosity  of  3mall  quantities  of  oil 

^Bureau  of  tandar&s  Circular  .57 
++A.S .2.11.  Standards  1921  p.  701. 
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io  described  by  the  Bureau  of  nines  r/ash*4  This  form 
of  vlscoslmiter ,  with  a  few  modifications,  was 
adopted  for  viscosity  tie  terminations *  It  Is  Illustrated 
In  Figure  4,  page  68.  It  consists  of  a  small  capillary 
pipette  with  a  ground  tip,  a  mark  was  etched  on  the 
pipette  at  points  A  and  B  as  shown*  The  oil  to  be 
examined  was  put  In  the  small  vessel  0  and  the  vlscoslmlter 
placed  In  a  thermostat,  with  glas3  front  0,  and 
allowed  to  oome  to  constant  temperature.  By  moans 
of  the  thermo-regulator  L,  Immersion  heater  F,  and 
stirrer  and  motor  K  and  H,  the  thermostat  could  be 
maintained  at  whatever  temperature  was  desired*  .Tien 
it  was  desired  to  make  a  test,  pressure  was  r>ut  on 
the  oil  by  means  of  the  tube  K,  and  the  oil  forced 
up  the  pipette  until  above  the  mark  A.  Measurement  of 
the  viscosity  consisted  in  determining  the  tine  taken 
for  the  level  of  the  oiL  to  drop  from  mark  A  to  mark  B* 

The  viBcosimiter  was  calibrated  in  terms  of  ”3aybolt 
seconds”  by  determining  and  then  plotting  graphically 

4The  Analytical  Distillation  of  Petroleum  and  Its 
Products*  Dean,  Hill,  smith  and  Jacobs,  Bureau  of 
nines  Bulletin  ,*807,  Dept,  of  Interior,  ash. 
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Shorn  nc  parts:  of  viscosimeter,  A,  3.  and  C;  i’her- 


noinetor,  3;  Stirrer  and  motor,  2  and  H;  Immersion 
Haater,  F;  and  Thermoregalator ,  1. 
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the  efflux  time  of  a  sdries  of  oils  of  varying  vloooslty 
v/hen  measured  by  the  oiaalL  glass  vlsoooimltor  and  by  the 
standard  Saybolt  vlsoooimltor .  The  ourve  obtained  la 
shown  Ln  figure  6,  page  64,  and  was  used  for  converting 
roadlngs  on  the  small  vlaooslmlter  to  Saybolt  seconds# 

The  Bureau  of  Mines  states  that  suoh  a  vlsooslmlter 
"yields  results  that  aro  at  least  as  accurate  as  those 
obtained  with  any  of  tho  ordinary  short-tube  vlsooslmltens 
of  the  petroleum  Industry" .  Apart  from  auch  a 
vlsooslmlter  making  It  possible  to  make  tests  on  small 
amounts  of  oil,  It  also  greatly  shortens  the  length  of 
time  required  for  running  a  series  of  check  de terminations* 
(dj  Penetration 

The  penetration  test  used  is  that  specified  by  the 

♦  . , 

A*3.T.M.  The  Instrument  used  Is  Illustrated  in  PigUre 

6,  page  56*  The  test  consists .brief ly  in  measuring  the 
distance  a  standard  needle  sinks  Into  the  asphalt  material 
being  tested  in  6  seconds  under  the  action  of  a  total 
weight  of  100  gr amns.  The  measurements  are  made  at  a 
temperature  of  25  deg,  C#  The  penetration  of  a  eamjle 
of  asphalt  Is  reported  by  stating  the  number  of  tenths 
of  a  nil lime tor  the  needle  penetrated*  The  temperature , 
time  and  w  ight  on  the  neo  le  can  be  varied  if  desired 
but  In  suoh  oases  the  conditions  of  test  must  be  recorded 

4 

A.S.2.H.  Standards,  1921,  D  5  -  21  p.  728 
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along  '..1th  the  value. 

( o  )  lloat  Toot 

The  tost  used  was  that  specif iod  in  the  A.s.T.M. 
Tentative  standards.4  The  test  consists  in  filling  a 
small  brass  collar  with  the  bituminous  material  to  bo 
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tested  and  sorewing  the  filled  collar  Into  a  metal  float. 
The  collar  la  then  Immersed  In  water  at  a  temperature  at 
which  It  Is  desired  to  get  a  determination  by  plaoing  the 
float  on  tho  surface  of  the  body  of  water.  Tho  value 
reportod  Is  the  time  in  seconds  that  elapses  between  the 
moment  the  float  Is  placed  on  tho  water  to  the  momont  the 
softened  bitumen  is  displaced  upwards  through  the  collar 
sufficiently  to  allow  the  water  to  break  through. 

(4)  ulsotisslon  6f  flata 

The  data  secured  by  the  preliminary  steam 
distillation  of  samples  of  the  bituminous  sand  bitumen 
aro  recorded  In  Table  V,  page  67.  They  do  not  pormit 
of  the  plaoing  of  an  exact  evaluation  on  the  commercial 
possibilities  of  the  bitumen  but  some  interesting 
deductions  in  this  direction  con  be  drawn.  Undoubtedly 
refined  asphalt  would  be  an  important  product  from  the 
commercial  development  of  the  bitumen,  ruel  oil  and 
lubricants  are  further  possibilities.  Information  about 
these  products  can  be  stated  by  interpreting  the  figures 
in  the  table.  Steam  distillation  would  no  doubt  be 
employed  In  their  production.  Consequently  the  indications 
of  the  preliminary  steam  distillations  are  applicable. 

Tho  nature  of  the  asphalt  residue  left  by  the  dis¬ 
tillation  of  the  bituminous  sand  bitumen  changes  raoldly 
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after  more  than  40>  of  the  volatile  constituents  of  the 
bitumen  ore  removed.  »/h en  4£>o  of  Volatile  matorlal  has 
been  driven  offt  tho  reelduo  haa  a  penetration  of  75 
while  Y/hen  60>o  has  been  removed  the  penetration  of  the 
roalduo  drops  to  £•  It  would  consequently  apnear  that 
In  commercial  praotloo  distillation  would  have  to  be 
stopped  before  45>\>  of  oils  have  boon  distilled  off  In 
ordor  to  leave  a  residue  suitable  for  pavement  purposes. 
If  tho  distillation  were  to  be  carried  n  till  70;:?  of 
oil  vrcro  removed,  tho  residue  would  bo  ooke. 

Float  tests  were  made  on  the  residues  as  recorded  in 
tho  following  tables. 


T ABLE  VI 

Results  of  Float  Tests  on  Koslaue  from  Run  ■ 8 


Temperature  Time  in  seconds 


98 

0 

6£ 

90 

11 

110 

60 

11 

157 

70 

11 

31£ 
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TABUS  VlL 


Hooults  of  l^Ioat  Tests  on  Asphalt  Koslduos 


ITo.  of  Hun 

Temperature 

Time 

in  Seconds 

2 

80  0 

167 

4 

80  " 

260 

5 

00  " 

hot  through 

in  10  mins 

6 

80  » 

ii  ii 

II  II  IV 

It  would  apTxsor,  as  far  as  oan  bo  Judged  from 
Information  available  on  other  asphalts,  that  the  float 
toat  reauLts  for  bituminous  sand  asphalt  are  high#  The 
inference  la  that,  Insofar  as  the  float  teat  Is  a  form 
of  viscosity  measurement  this  asphalt  is  a  more  viscous 
matorial  for  a  given  penetration  than  most  other  asphalts 
used  for  lavement  purposes. 

The  maximum  carbon  residue  permissible  for  certain 
lubricating  oll3  is  stated  by  Hoy  Gross  to  be  as  follows. * 


Aero 


Liberty  Aero  Oil 

1# 

Motor  Gasoline  nglnes 

Light  Oil 

0.2  % 

Medium  Oil 

0  0  4$  | 

Heavy  Oil 

0.67a 

Aeroplane  Machine  -gun  oil 

0*003/4 

Gun  Oil 

O.OOSp 

Kansas  City  Testing  laboratory.  Bulletin  ,-15 ,  p«  168 


■  .V-V"  ft’.-.j'f  tx 


m 

oh 


■  ■  --r-'  x&s  ..  >. 


. 

u 

J  £-i\  V 

,  ,  ; 


- 


In  the  case  of  fuel  (  Li  for  diesel  engines  It  Is  desirable 
to  have  as  small  a  cor  bon  residue  as  possible.  The  same 
authority  sets  &/o  as  the  maximum  value  although  a  muoh 
smullor  r>oroentago  io  preferred,  iron  Table  5  it  will 
be  soon  that  all  the  distillates  from  tho  bituminous 
sand  bltumon  have  a  sufficiently  small  T^eroentage  of 
carbon  residue  to  be  used  as  fuel  oil.  ttuoh  fractions 
as  0  in  runs  #5  and  6,  which  from  Its  specific  gravity 
and  viscosity  apparently  contains  a  considerable  proportion 
of  cracked  oil  also  has  a  cor  bon  residue  well  within  the 
specified  Limit  for  diesel  fuel  oil.  It  would  thus 
appear  that  if  a  maximum  yield  of  fuel  oil  were  sought 
by  means  of  pushing  distillation  to  the  limit  by 
cracking,  tho  product  would  not  be  made  unsuitable  for 
consumption  in  diesel  engines*  In  the  case  of  the 
lubricants  contained  in  the  fractions  collected.  It  would 
seem  probable  that  they  would  not  contain  so  much 
carbon  residue  as  to  unfit  them  for  some  of  the  purposes 
mentioned*  u o  Indication  has  been  found  of  the  limits 
for  carbon  residue  for  heavier  lubricating  oils  for 
other  purposes.  The  inference  is  that  this  property 
Is  not  considered  important. 

In  conclusion,  several  generalisations  can  be  stated 
about  the  bituminous  sand  bitumen  as  a  result  of  the 
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preliminary  abeam  dlstl liatlona.  This  matorlal  has  a 
high  boiling  r>olnt  and  oraoklng  v/111  oommenoo  at  a  very 
oarly  stage  of  distillation  unless  the  use  of  stoom  or 
reduced  pressure  Is  employed,  The  distillates  have  a 
high  apooifio  gravity  and  vlsooslty  indioating  that 
they  will  fall  largely  into  tho  fuel  and  lubricating 
oil  class.  An  asphalt  residue  with  a  consistency 
suitable  for  pavement  work  can  be  obtained  by  distilling 
off  less  than  60/a  of  the  total  bitumen. 

Vacuum  distillations 

1.  Introductory  Observations.  The  preliminary  steam 
distillations  of  the  bituminous  sand  bitumen,  described 
and  discussed  in  the  foregoing  section  gave  good 
Information  but  were  unsatisfactory  in  that  quantitative 
results  on  the  percentages  of  the  important  fractions 
could  not  be  obtained..  These  distillations  were 
consequently  follov/ed  up  by  others  carried  through 
under  reduced  pressure.  This  method  Is  much  more  suited 
for  the  making  of  measurements  of  distillates  and  to 
the  securing  of  condensates  which  can  be  subjet^0<i 
to  further  examination. 

The  boiling  point  of  a  liquid  subjected  to  a  vacuum 
distillation  is  lowered  by  reducing  the  pressure  over 
the  liquid  by  means  of  an  evacuating  r>unq>.  Xlo  common 
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roduood  pressure  is  In  use  by  the  vorlouo  commercial 
plants  v/hloh  are  carrying  on  dloti nations  at  roduoed 
proaoure,  so  oommorolal  practise  does  not  indloate 
what  pressure  should  bo  U3ed  In  laboratory  work*  However, 
If  data  ftrom  the  examination  of  oils  Is  to  be  secured  which} 
Is  comparable  It  la  necessary  to  choose  a  standard 
pressure  at  which  to  work.  The  Bureau  of  Minos, 

Washington,  has  made  a  thorough  Investigation  of  this 
point  and  has  adopted  a  pressure  of  40  millimetres  of 
mercury,*  recommending  It  for  nraotioally  all  potroleum 
vacuum  distillation  work.  The  Bureau  has  shown  that  the 
differences  Is  small  between  the  total  percentage  of 
distillates  obtained  (  particular! ly  at  the  high 
tonjperature3  )  when  the  pressure  employed  Is  15  rams,  or 
50  rams.  Blnoe,  hov/evor,  a  pressure  of  40  rams#  can  be 
very  much  more  easily  attained  and  maintained  than  the 
lower  pressures,  it  Is  a  sultabLe  one  for  general  use# 

The  vacuum  distillations  were  carried  through  by 
follov/lng  a3  closely  as  possible  the  procedure  suggested 
by  the  Bureau  of  Mines  in  their  Bulletin  #207 .  The  same 
type  of  apparatus  as  used  by  fcho  Bureau  was  assembled 

* Analytical  Distillation  of  Petroleum,  Bulletin  #207, 

Bureau  of  Mines,  p#21. 
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and  handled  as  It  describes.  In  all  the  operations  In 
oonnootton  trlfch  the  distillations  and  the  examination 
of  the  dlstillatos,  it  was  the  aim  to  got  results  by 
the  methods  as  near  as  poa.  ible  to  those  used  In  the 
petroleum  industry  so  that  the  commercial  interpretation 
which  experience  has  shown  can  bo  aopllod  to  such 
results  could  be  applied,  and  so  that  the  commercial 
value  of  ofcr  oils  could  bo  compared  w 1th  those  from 
other  fields  of  known  value. 

2.  ,,pnaratu3  Used.  The  vacuum  distillation  apparatus 
used  Is  illustrated  in  'lgure  7,  page  64.  The  principal 
parts  are  : 

(a)  Kempel  distillation  flask  with  dimensions 
conforming  to  those  stated  by  the  Bureau  of  Mines. 

(b)  Electric  heater  as  shown  in  tho  sketch  with 
rheostat  connection. 

( o )  A  water-cooled  bulb  condenser  set  at  an  incline, 
a3  shown. 

(&J  A  Bruhl  hoceiver  of  special  construction  holding 
t-jelve  25  co  graduated  test-tubes  in  a  circular  rack 
which  could  be  turned  without  disturbing  the  reduced 
pressure,  bringing  each  tube  in  turn  under  the  end  of 
the  condo naer. 

(ej  An  evacuating  pump  which  was  capable  of  producing 
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APPARATUS  POP  VACUUM 
D/ST/LLAT/O/V  OF  CRUDE  0/1 


f 


Couze  Spray- catchers 


E/ecfrtc  Header 

\M^Srut)/  ReceMer 
Rofat/q g  Me  So/ 
rack  f)o/d*og  I 
p  rad  a  a  Ae  d  25  C.C 
test  tubes 


/ndush-tat  Research  Dept 
tfbrc/>  to.  /32+  SSIB 


a  vacuum  of  about  £0  mms  of  mercury. 

(f)  An  air  leak  valve  consisting  of  a  oloovo  valve 
opening  Into  a  tube  v/hloh  la  oonnooted  with  the 
distillation  system,  and  uoed  for  regulating  the  reduced 
pressuro • 

(gj  A  meroury  manometor. 

Temperature  was  determined  by  a  distillation  thormonwtor 
graduated  to  400  deg,  0.  It  was  lamer  sod  In  the 
column  of  the  distillation  flask  so  that  the  top  of  the 
bulb  was  about  one-sixteenth  of  an  Inch  below  the  level 
of  the  aide  tube  to  Insure  that  the  whole  bulb  would  be 
In  the  current  of  vapour*  The  spiasftlng  of  the  oil, 
while  boiling,  waa  prevented  from  reaching  the  oondonoer 
by  tho  uso  of  spray-catchers  of  wire  gauze  In  the 
column  of  tho  flask.  The  two  Joints  on  tho  distillation 
flask  side  of  the  condenser  wore  made  air  tight  by 
moans  of  a  litharge  and  glycerine  nasto  while  other 
Joints  were  soiled  with  a  she llao- lampblack  paint.  It 
was  found  that  the  vacuum  distillation  set-up  could  be 
maintained  at  a  pressure  of  40  mms.  with  oase  throughout 
a  dLstillatlon. 

Tho  condenser  uoed  in  the  set-up  was  slightly 
different  to  tho  one  described  by  tho  Bureau  of  Mines. 


The  form  of  water-cooled  bulb  condenser  used  readily 
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condense d  ail  vapours  passing  Into  it  up  to  the  point 
where  serious  cracking  coaraenoed.  By  inclining  It 
slightly,  the  ohanno lllng  of  the  vapours  In  suoh  a  way 
that  they  would  pass  through  without  coming  into  contact 
with  tho  oooled  surfaces  of  the  condonser  was  prevented 
without  oausing  traps  for  the  distillate  to  catoh  In. 

It  was  found  necessary  In  some  oases  to  wrap  the 
distillation  flask  column  with  asbestos  cord  to  prevent 
the  condensing  of  vanours  in  the  oolomn.  V/hen  this 

takes  nlaoe  unnecessary  cracking  Is  liable  to  result. 

v 

3.  Oils  v/lth  which  Vacuum  Distillations  were  made. 

Vacuum  distillations  and  subsequent  examination 

~r  L  i 

of  products  were  oarrled  through  with  Sunburst  crude 
petroleum  from  the  Montana  field,  V/alnwrlght  crude 
petroleum,  and  bitumen  from  the  bituminous  sands.  A 
barrel  of  tho  Sunburst  oil  was  obtained  through  tho 
courtesy  of  the  Imperial  oil  Company.  This  crude  is  a 
mixed- base  oil  free  ftom  Inoral  matter  and  water.  The 
..alnwright  oil  was  obtained  from  the  British  'etroleum 
Company's  well  north  f  alnwright.  It  was  got  by 
running  the  oil  into  large  cans  from  a  valve  at  the 
casing  head  during  a  public  demonstration  staged  by 
the  company  on  December  1st,  1923,  a  short  time  after 
the  well  had  “come  In”.  At  the  time,  the  v/ell  was  being 
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allowed  to  blow  off  Intermittently  bursts  of  oil,  water 
and  gas*  The  oil  Is  asphaltic  Ln  nature  and  the  samples 
were  found  to  oontaln  as  high  as  351/j  of  water  and  from 
4>  to  lO/u  of  mineral  matter* 

4*  ih^oparatlon  of  ;;.irapio-  for  Distillation 
In  the  oaso  of  the  v/alnwr lght  oil  and  of  the 
bituminous  Band  bitumen,  samples  h  d  to  be  dehydrated 
before  distillations  could  bo  made  upon  them*  The 
general  aroblem  of  dehydration  and  the  various  methods 
which  have  boen  used  in  the  Industrial  Re  search 
laboratory  In  tho  attempt  to  dehydrate  emulsified  oils 
will  be  dealt  with  in  a  later  section  of  this  report* 

At  this  point,  however,  a  description  is  given  of  the 
method  that  was  used  in  freeing  the  samples  used  for 
distillations  from  water* 

The  samples  were  dehydrated  by  making  use  of  the 
principle  of  surface  evaporation.4  A  drawing  of  the 
apparatus  used  is  shown  in  I'igure  8,  page  68.  It 
consisted  of  the  usual  copper  dehydration  still,4"* 

+The  Dehydration  of  Tars  in  the  Laboratory*  .»*J*  Huff, 
J*  Ind  &  Bng.  Chora*  13,  1123  (Dec*  1921) 

4+A*S*T*M*  Tentative  standards,  1923  p*  427 


'  •  . 

■ 

. 

■v-J . 


66 


0,  equipped  with  a  ring  burner  v ,  oondensor  At  and 
graduated  wator  tran  B*  -he  still  ?/aB  placed  in  a  water 
jacket  £•  The  bitumen  or  oil  to  be  dehydrated  wa3  pttt 
in  the  still  and  the  still  set  in  the  water  of  the  water 
jacket  to  such  a  depth  that  the  water  level  outside 
corresponded  to  the  oil  level  inside*  The  rest  of  the 
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apparatus  was  then  assembled  as  Indicated  In  the  figure 
and  the  ring  burner  lighted.  The  water  level  in  the 
wator  jacket  fell  duo  to  evaporation  but  at  the  same 
time  a  surface  layer  of  the  oil  Inside  the  ..till  was 
dehydrated.  It  vms  found,  however,  that  the  dehydrated 
zone  did  not  deepen  at  a  uniform  rato  and  unless 
precautions  were  taken,  the  oil  in  the  ctlll  boc  me  too 
hot  and  frothing  resulted.  This  difficulty  was  overcome 
by  making  the  water  jacket  much  larger  at  the  bottom 
than  at  the  top,  as  shown  In  figure  8,  Lth  a  wator 
jaokot  of  this  form.  It  was  found  that  dehydrations 
could  be  started  and  allowed  to  go  on  with  little 
at  ontion  and  with  satisfactory  results,  -ater  and  oil 
vaoours  passed  off,  were  condensed  and  collected  In  the 
wator  trap  in  fairly  clear  and  distinct  layers.  The 
water  could  be  separated  from  the  condensed  oil  and 
the  latter  ere  served  for  re Incorporation  into  the 
dehydrated  charge  in  the  still.  The  dehydration 
process  was  continued  until  wator  ceased  to  accumulate 
and  oil  was  distilling  over. 

This  method  was  suitable  for  dehydrating  the 
.  ainwright  crude,  emulsified  oil  and  apparently 
allowed  of  the  preparation  of  samples  for  testing  that 
wore  coi’rect,  In  the  case  of  the  bitumen  from  the 
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bituminous  sands,  howevor,  tho  re  suits  were  not  so 
satisfactory.  Tho  bltumon  had  to  stay  In  the  otlll 
over  suoh  a  long  oerlod  of  time  (in  some  oases  as  long 
as  ton  hours)  at  an  olovated  temperature  that  It  Is 
quite  possible  that  the  nature  of  tho  bitumen  was 
somewhat  changed.  While  the  lowor  port  of  tho  still  was 
kept  comparatively  oool  by  tho  water  Jacket,  the  upper 
part  became  decidedly  hot  and  there  was  evidence  that 
this  hot  surface  brought  about  some  oraoklng  of  the 
vapours  that  reached  It.  It  Is  felt  therefore,  that  the 
naipples  of  the  bltumon  dehydrated  in  this  way  were  not 
altogether  true  samples. 

4.  feats  Applied  to  .wist  1  Hates  *  The  tests  applied 
to  the  various  distillates  from  the  vacuum  distillations, 
apart  from  those  mentioned  in  a  later  section  wore  .as 
follows  : 

(a)  Viscosity*  The  viscosity  determinations  were 
made  by  moans  of  the  glass  pipette  viscosimeter  already 
described  in  a  previous  section,  and  translated  Into 
M3aybolt  seconds M  by  the  graphic  method. 

(b)  Specific  Gravity*  The  spoolflc  gravities  of  the 
small  quantities  of  distillates  obtained,  ere 
determined  by  moans  of  an  ordinary  estphal  balance, 
modified  by  substituting  a  small  glass  plummet  for  the 
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much  largor  one  supplied  with  the  balance**  Direct 
specific  gravity  readings  oould  not  be  made,  but  by 
determining  the  air  and  water  constant  of  the  small 
plummet  a  calculation  oould  be  easily  figured*  The 
apparatus  for  making  the  specific  gravity  determinations 
is  shown  in  i’igure  page  7£*  Tho  distillates  to  be 
tested  wore  placed  in  tost  tubes  in  the  racks  shown  and 
allowed  to  come  to  the  temperature  of  the  bath*  The 
specific  gj avity  detorminationo  ore  then  made  of  tho 
samples  ?/hlle  still  In  tho  bath  by  moons  of  the  estphai 
balance,  placed  on  the  small  stand  indicated  in  the 
drawing* 


TABLE  Vlll 


vacuum  iJlstillation  of  Sunburst  Crude 

Oil 

Hun  Ho*  5 

Temperaturo 

Percent  Distillate 

Measured  at  60®  P* 

by  volume 

Sp- gravity 

Beaume 

70 

110 . . 

,.0.7849  ... 

...  48*34 

140  ..*.., 

^.0.8217  . .  • 

40  •  3£ 

170 . . 

•^*0*8487  . .  • 

i  34*90 

£00 . . 

...  30»9£ 

£30 . . 

^0.8907  • . . 

£7. 13 

£60 . . 

Specific  Gravity  •  Its  Determination  for  oils,  tars  and 
pitches,  J.li*  .0 iss •  J.  Ind.  &  ling..  Chem.,  7,  £1  (1915) 
Bulletin  p£07 ,  Bureau  of  Hines,  “/ash*  p.  41. 
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Figure  9.-  DIAOEaK  OF  »'  3T.IHT  3  '-HO 

’eeaKsoi  sisism  fob  Tk-'.aiicaT^T  u  ia>  sttv  thl  a-i 

MIIi  .TIOH  OF  :a  CIFXC  GKAVITT  AT  60°F. 

.  A.  ccuiidar  modified  to  operate  valve;  3,  «Uf» 

C,  reserve  I  L7°<  ®*  thertaoBtat ; 

F,  ari vc  for  stirrer;  ...  ..ect^iml  b^lanoo;  J^r® 
for  holding  test  tubas;  therraosiv-ter  j  h,  in*.al^>.ea 

sent  .iner  for  wiiter;  3,  cvrflow. 
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TABLE  IX 

COMPARISON  OF  A  VACUUM  AND  AN  ATMOSPHERIC  DISTILLATION 

Percentage#  of  distillates  at  various  temperature*,  for  a  vacuum 
distillation  at  a  pressure  of  40  am.  mercury,  and  a  distillation 
at  atmospheric  pressure  of  Montana  (Sunburst)  Crude  Oil* 


Temperature , 
•C, 

Percentage  of 
Distillate  by  Vacuum 
Distillation  at  40mm. 

Percentage  of 
Distillate  at 
Atmospheric  Pressure 

30  . 

40  . 

50  . 

.  3.1 

60  . 

70  . 

80  . 

90  . 

100  . 

.  I3.3  . 

no  . 

120  . 

130  . 

.  9.0 

140  . 

150  . 

. 12.6 

160  . 

.  27.3  . 

170  . 

180  . 

.  32.6  . 

190  . 

.  35.1  . 

.  21.5 

200  . 

210  . 

220  . 

.  44.5  . 

230  . 

240  . 

250  . 

.  54.3  . 

.  35-6 

. 

270  . 

. 59.0  . 

280  . 

290  . 

300  . 

.  66 .5 

3X0  . 

320  . 

330  . 

33?  . 

Serious  cracking 

commenced 
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TABLE  X 


TYPICAL  VACUUM  DISTILLATION  Of  ^AlM*^ir*fP  CRUDE  OIL 
(Run  Mo.  7.  Pressure,  40  mm.  more  ary) 


Temperature 

in 

Degrees  Centigrade 

I 

)  1  8  T  I  L 

LATE 

Pe  reont<5ge 

of 

Total  volume 

riO'lUra* , 

(B.of  S.) 

■A  *•». 

^Viecocity,  in 

•Seybolt  seoonds" 
at  10 0*T. 

no 

X 

120 

1.6 

130 

2.3 

30.92 

140 

4.5 

150 

6.6 

160 

11.6 

170 

13«7 

180 

****** 

25.73 

30 

190 

16. 3 

200 

20.3 

210 

?3-3 

24.18 

46 

220 

26.8 

230 

M 

240 

34.3 

21.35 

u5 

250 

36.3 

260 

38.5 

270 

42.5 

19.57 

193 

277 

50 

18.15 

332 

Thermometer  rising 

58 

20.22 

125 

and  falling  very. 

rapidly,  due  to 

66 

21*02 

177 

the  cracking  which 

ie  taking  plaes 

75 

21.35 

15 

n 

—  . . . — 
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TABLE  XI. 

VACUUM  DISTILLATION  0 If  BITUMRN  FRO"  THIS  BJTUMINOU8  SAND 


Distillate 

in 

Volume 

Per  cent* 

Specific 
Gravity  , 
at  60*F. 

fisaum# 

at 

60°F. 

Viscosity  in 
"Saybolt  Seconds'* 
at  100°  F. 

12 

.907? 

24.18 

35 

25 

•9*76 

17-68 

113 

34 

•9428 

18.46 

110 

44 

133 

So 

20 

*  No  steady  ri30  in  temperature  could  b©  secured  in  distil¬ 
lation  of  the  bitumen,  mercury  of  the  ther  ometer  ran 
erratically  up  -nd  down. 
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TABLE  XII 


Vaouuii  Distillation  of  a  Steaa  Die  til  lot#  from 

the  Eltu^lnouc  Sand  Bitumen 


(  Distillate  obtained  fro-  run  J  4  of  preliminary 
stems  distillationa.  c.f.  Table  III  ) 


Temperature 

DilUUaUt 

in 

Percent  of 

B.euaa  Gravity 

Vlaooeity 

De*.  Cant. 

Total  Volurse 

at  6t'*  F 

at  loo0  F 

of  Sample 

Sayb.  Seca. 

to© 

$♦5 

1  to 

0.9 

120 

M 

52.0 

20 

1>© 

2.5 

14© 

4.7 

<5® 

9.3 

IfW 

15. 6 

27.6 

30 

170 

20.0 

-.35.7 

» 

1ft© 

2ft 

22.7 

hA 

190 

33 

21.5 

57 

30© 

42 

2A.2 

>7 

210 

54 

20.1 

74 

aao 

^3 

1ft. ft 

^5 

330 

75 

17.6 

15C 

2*4 

es 

1ft  .9 

2*5 

Graplp  s^ouiiog  !■*?£  i-elafioi^ip  of  M^e 
Specific  Qrovify  \o  ttye  Percentage  Oi&fill«H 


io  30  4o 

Percephape  ofF 


76-C 


7u«*^ 


mm 


96*'* 


.  ... 
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5.  Interpretation  of  suite*  Uy  means  of  the  vacuum 
distillations  It  was  pos.  lblc  to  secure  quantitative 
data  regarding  the  ero^uoagee  of  distillates  passing 
over  between  womperature  intervals  of  rise  of  temperature 
for  tho  throe  crude  oils  under  examination,  narao ly  the 
Montana  and  ivalnwright  crude  oils  and  tho  bitumen  of 
the  bituminous  sands.  It  was  also  possible  to  ooilect 
the  distillates  in  such  form  that  they  could  be 
examined  readily  for  tho  physical  properties  of  specific 
gravity  and  viscosity.  i)ata  of  this  nature  is  of  import-, 
ance  in  comparing  a  crude  11  under  examination  with 
other  crudes  and.  In  tho  case  of  tho  lighter  fractions 
of  the  crude |  gives  an  approximation  of  their  commercial 
value.  In  the  case  of  the  fractions  of  higher  gravity 
however,  further  examinations  must  be  made  bel'oro  an 
evaluation  can  be  attempted.  The  Tables  of  the 
preceding  section  indicate  tho  distillation  of  tho 
oil  in  question  in  progressive  stages  corresponding 
to  uniform  intervals  of  rising  toraporaturc ,  giving  the 
percentage  of  the  oil  sample  distilled  over  at  each 
interval.  The  values  for  specific  gravity  and  viscosity 
correspond  to  progressive  stages  In  the  accumulation 
of  distillates  through  the  distillation  runs,  iVhon  a 
£5  oc  graduated  tost  tube  was  filled,  a  fresh  tube  was 
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brought  into  position.  The  urposo  of  tho  tab  Leo  la  to 
shov/  how  diotillafclon  of  tho  oil  proooeda  In  regard 
to  rising  temperature  and  how  the  propertle8  of  the 
distillates  change  as  rtlntllLation  nroooede.  The  tableo 
do  not  show  the  proportions  of  oonmorolaL  fr act  lone  that 
oan  bo  obtained  from  tho  crude  oil,  aLthough  deductions 
about  commercial  fractions  oan  bo  made  from  tho  data  the 
tables  contain* 

Commercial  specifications  for  the  orincipal  fractions 
of  a  crude  oil,  namely  gasoline,  kerosene,  gas  and  fuel 
oil,  lubricating  oils  and  asphaltic  residues  are  by  no 
moans  unlvorsal.  neighboring  states  in  the  United  ;tateu 
have  often  greatly  differing  specif lcatlons  for  the 
same  oil*  P  rt  of  the  lack  of  consistency  in  specif loatlo: 
is  understandable  when  it  13  realized  that  the  most 
suitable  oiL  for  a  particular  purpose  in  ono  country 
might  not  be  the  most  suitable  oil  for  the  came  purpose 
in  another  country.  For  instance,  a  gasoline  which  v/as 
suitable  in  northern  Canada  might  be  much  too  vdatiLe 
for  use  in  Mexico.  Much  work,  however,  is  being  done 
at  the  present  time  in  the  attempt  to  standardize 

4 

s^ocif ioations  where  possible  for  potr oleum  products. 

+The  standardization  of  the  Testing  of  Petroleum  and  its 
Products.  J.  Inst.  Petro.  Tech.  Dec.  19 22,  p.  576* 
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2he  3*v}Oiriotttiona  appLiod  in  thin  thesis  wore  adopted 
from  those  suggested  by  the  recent  authentic  literature 
on  the  oabjeot#*  It  imo  not  possible  to  carry  oat  oil 
tho  teste  os  ire  '  bat  were  oarried  through  shore 

\ 

possible  which  had  the  greatest  significance  in  relation 
to  tho  fr  ction 

tforecatafiea  of  Goonorciai  it  otionn  in  tho  oils  i:aainc< 

- U - (  ^vrtsTT^rSSS - “ - “  1 

sjosollne*  h*he  gasoline  tr  ction  nnonnta  to  IA,»  by  weight# 
tho  gasoline  1c  n  tmter^wklfee*  straight  distillate 
distilling  over  below  £00  deg*  0#  ’ho  first  33y*  of  the 
ptsoilss  fir  ction  hoc  a  specific  gravity  of  66#7  deg#  Bo; 
tho  rocond  33.**  a  gravity  of  4tU3  dog  Jx>;  the  final 
33;i  has  a  p*&vity  of  40*3  dog*  e.  It  might  be  neceernry 
to  nix  this  gasoline  with  a  percentage  of  light  oaoLng 
head  gasoline  to  bring  tho  specific  gravity  n~>  to 
specifications* 

lor  one?#*  :Jho  kerosene  ft'  ction  tints  to  U%>  or  :X> 
by  weight  according  as  tho  end  belling  point  lo  tu’sen 

**ietcxr  gcu:oli::0*  i’ropor  ties  t  -  •  "  of  'ontii.g,  -*e# 
pee h*  io.oior  y£14*  Boreap  of  i-iices*  iirtbi 
;  ii'O  G  M  *  • 

Bail.  .16,  -v.  vr 032,  p,  136. 

Efsiabook  of  tho  mvoieun  toftaetry.  *>ay,  vol.  1, 

p.  se?. 
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ao  Z7h  deg.  0*  or  300  dog.  0.  The  fcorooene  would  have 
a  specific  gravity  of  boat  33  dog  Bo  -  o  low  value 
for  borosenc.  If  distillation  wore  stopped  at  £76  dog. 
0.  the  distillate  would  be  0 Lo  ir.  Between  £76  and  300 
dog*  0.  colour  commences  to  apncar.  .t  atfioophorio 
pressure  cracking  also  oomonooo  In  this  temperature 
Interval. 

Fuel  Lind  -Mifarloatlnn  oils*  Since  tho  Fontana  1 1  is  of 
a  mixed  fe&ee  oil  nature,  tho  examination  of  the  heavier 
fr  ctions  Involves  problems  not  tearing  on  tho  examinat¬ 
ion  of  the  Bella: rr&y  bitumen  nor  tho  alnwrlght  oil. 
Further  examina  ion  of  the  fuel  and  lubricating  oils, 
which  amount  to  about  £Uy>  of  the  total  wore  not  carried 
out. 

f ainwx ight  Gru&c  Oil 

»  From  the  standpoint  of  vo latl iity#  the 
gasoline  fraction  a?pe«r»  So  be  4/j  by  weight  of  the 
crude  oil.  But  although  th  t  -orcontagc  diet l lie  over 
below  BuO  deg.  0.  the  l  Hate  hM  Ifltf 

epee if io  gravity  and  would  require  blending  with  casing 
head  gasoline  to  givr  it  a  out  table  Bo  aun»  gr  vity.  The 
fraction  is  a  wa tor-white,  straight  distillate.  ho 
actual  specific  gravity  determination  was  made  on  the 
gmmlim  fraction  since  it  xrxa  collected  along  with 
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higher  fractions  because  of  Lte  small  amount.  however, 
an  approximat Lon  of  the  gravity  can  be  deduced  from 
graph  on  page  76  c: 

Koroaone  fhe  kerosene  fr  ction  amounts  to  L5,;>  by 
weight  of  tho  crude  ell,  distilling  over  below  270  dog.  0 
Although  the  volatility  of  the  kerosene  fraction  is 
low,  the  3oecific  gravity  is  vory  low,  being  25.7  dog.  no 
If  this  fraction  were  used  for  kerosene,  it  would 
oossibly  have  to  be  bloncled  v/ith  material  from  anothor 
soureo  of  the  proper  characteristics. 

Lubricating  and  Fuel  Oils 

Q}he  lubricating  and  fuel  oils  amount  to  about  60>, 
demending,  of  course,  on  the  form  of  refining  carried 
out.  In  the  vacuum  distillations  the  lighter  lubricants 
were  the  ohly  ones  obtained,  i.e.,  swindle  oil,  engine 
oil,  auto  lubricating  oil,  and  a  certain  amount  of 
machine  oil.  From  data,  to  be  presented  later,  it 
may  be  stated  however,  that  the  heavier  lubricants, 
will  form  the  greater  proportion.  Tho  nature  of  the 
fuel  oils  will  be  discussed  in  a  later  ection. 


.bituminous  .*  nd  bitumen 


0  oo lino  bone  present* 

Hero sene  Thor©  io  a  fraction,  amounting  to  7y>  of  tho 
crude  bitumen,  which  has  a  volatility  aultabio  for 
o  las  sing  a3  kerosene*  This  ti  otlon,  hov/evor,  hue  a  low 
Beams*  gravity  and  is  not  water-white •  "he  suitability 
of  the  £r  ction  as  kcrosono  v/111  depond  on  the  ease  with 
which  the  color  and  odor  oan  bo  romovod* 
ruel  Oil  and  Lubricating  Oils  fhe  fuel  and  lubricating 
oil  £r  notion  amounts  to  4  Op  of  tho  bitumen.  Data  to  be 
presented  iator  indicate  that  the  heavier  lubricants 
will  form  the -main  percents  P  oho  tot  U 

dtoam  Distillations 

1*  Introductory  Observations.  One  of  the  fundamental 
typos  of  oil  distillation  in  general  use  in  tho 
oetroleum  industry  is  that  of  steam  distillation*  In 
this  operation,  tho  heat  needed  Is  supplied  by  bubbling 

handbook  of  the  Petroleum  Industry.  D.T.  Day,  Vol*  II 
p.  343. 

fhe  examination  of  Hydrooarbon  Oils  and  daponifiabie 
Pats  and  dazes.  b*  Holde  and  E.  Hue  Her,  p.  £6. 

Handbook  of  Chemical  Engineering*  D.il*  Liddell,  Vol*  II 
p*  640* 

Economics  of  Potrolouxa*  J*E*  Pogue,  p*  76* 
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superheated  steam  through  tho  bolLlng  oil  as  well  as 
by  applying  diroot  ho  at  to  the  still.  Tho  virtue  of 
the  steam  form  of  distillation  arlsos  from  the  protection 
it  affords  tho  components  of  the  oil  from  undue  decomp¬ 
osition  during  tho  c  urse  of  the  operation.  As  has  boon 
already  dloousood,  the  steam  causes  tho  oil  hydrocarbons 
to  pass  out  from  tho  still  at  temporaturos  belovr  tholr 
boiling  points  and  protects  thorn  on  tholr  w  y  out  from 
intimate  oontaot  with  the  hot  3tlll  walls.  Apart  from 
tho  vary  general  uso  of  ofcoara  in  tho  commercial 
distillation  of  oils,  this  form  of  distillation  is 
suitable  for  laboratory  examinations  of  oils.  By  this 
method  comparatively  large  samples  of  the  various 
fractions  of  the  crude  oil  can  be  obtained  and  these 
fractions  are  likely  to  be  of  a  similar  nature  to  t  .oeo 
which  may  bo  ejected  from  commercial  distillations 
of  the  same  oil. 

Tho  suitability  of  any  particular  fore*  of 
distillation  for  commercial  work  is  determined  by  the 
nature  of  the  oil.  The  applicability  of  the  two  basic 
methods  of  refining  (  dry  or  destructive  distillation  and 
steam  distillation)  are  shown  in  Table  XIII •  P°-fe®  84* 

It  will  be  seen  from  this  table  that  refineries  doaLlng 
with  oils  similar  to  those  dealt  with  in  this  examination 
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TABLE  VIII 

Inportant  Typoo  of  Boflnorlee 

Method  of 

Kind  o7 

Name  ulatlLLutlon 

Crude 

oonomio  roous 

1.  Skimming  Plant 

i  Jry 

Mixed  and 

Light  products, 

paraffin  base 

gusollno  &  ker¬ 

osene 

2.  Intermediate 

Pry 

Mixed  base 

Light  products, 

Plant 

some  lubrloantt 

3.  Comp le  to  Plant 

Steam 

Paraffin  base 

Lubriounto , 

light  products 

4.  Complete  Plant 

Stoam 

Mixed  base 

Lubricants , 

light  pro duo ts 

6.  Complete  Plant 

Steam 

Asphalt  base 

Lubricants , 

Light  products 

6.  Topping  Plant 

Lry 

Asphalt  base 

Puel  oil 

(¥able  talcen  from 

iioonomios 

off  Petroleum. 

J.S.  ±>oguo.p.W) 

(mixed  base  and  asphaltic  base)  and  desiring  to  produce 


other  products  than  fuol  oil  use  the  steam  form  of 

distillation*  The  us8  of  steam  for  the  production  of 

lubricants  io  not  universal,  however#  In  Europe,*  certain 

operators  strongly  advocate  the  use  of  vacuum  distillation 

in  the  manufacture  of  lubricants.  But  since  the  use  of 

steam  is^ao  general  in  the  rofining  of  asphaltic  oils  in 
America/  it  seemed  justifiable  to  mahe  use  of  steam 

*Heavy  Grade  Mgy|>tian  Crude  Petroleum.  w.A.  Guthrie  J# 
Inst.  Petro.  Tech.  Augf,19£3,  pp.  £39  &  £46  (discussion j 

■Economics  of  Petroleum  J..-.  Pogue  p.  166. 


. 


"  - - - “  : ' 

A— _ i: 


>10  a. ti 


vt:-,. 


i  ;•  ,/  '  •>; .? 


8  8  8  ; 


- 


- 


t3S; 


\  -  <  -4  *:-cr'T 


■ 


.^OO.i<8E8i  '  8 

v  ; ;  •  '  '  ■ 


05 


distillation  for  securing  ei  liable  .»  npioo  of  frictions  in 
the  x;o rsz  in  hand  of  investigating  tho  eoononio  value  of 
the  asphaltic  iia  of  Alberta*  reprccontoa  toy  tho 

■  •  1  ^  o  »o 

oh  one  the  n  roontogoo  of  tho  v  rlotis  fr  otl  no  ;/hioh  are 


ncuiaf  oturod  by  ot cm  distillation  In  c  u 
froa  Ouif  Const  crude  oil,  hLeh  Is  an 
oil  similar  to  tho  .'alanrlght  crude. 

Before  leaving  tho  general  die- 
cnoston  of  the  suitability  f  cte.ua 
diet! Hatton  for  the  olio  under  con¬ 
sideration,  It  may  to  added  that  when 
wiing  steam  In  the  distillation  of  a 
crude  ii,  it  is  not  necessary  to  have 
the  oil  suite  as  completely  dehydrated 
00  Is  necessary  tfien  dry  forms  of 
distillation* arc  uso  .  fhis,  obviously, 
is  a  .very  i  report  at  aoint  In  dealing  v/ith 
oils  f/hlch  retain  imter  ae  tenaciously 
as  do  the  •  cllurray  Hfcuracn  and  the 
mlmarlght  crude* 
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E#  Used*  fhc  apparatus 

used  for  the  ‘team  distillation  is 

&ge  88 

Illustrate  si  by  figure  U."  it  consisted  of  the 
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principal  parte  j  iitoara  genorator,  steam  superheater, 
oondenoor,  and  still*  The  desLgn  of  the  otlll  :ind  lto 
accessories  followed  at?  closely  as  poo  lble  that 
ouggoated  by  the  Bureau  of  Hines** 
dtoam  Generator.  By  tho  use  of  the  a to am  genorator 
indicated  in  tho  figure, it  was  ^onolble  to  keep  a  large 
flow  of  steam  at  a  fairly  oonotant  r>ro soure  throughout 
the  distillation* 

S t e am  G up o r h e at er  *  The  team  ^uporhe  .tor  v.rao  made  by 
forming  copper  tubing  into  a  ooil  ua  indicated  in  the 
figure  and  surrounding  tho  ooll  with  a  shoet  metal 
Jacket*  The  heat  was  aupplied  by  a  large  gas  burner 
under  the  oil.  It  v;ao  oosslble  to  raise  the  temperature 
of  the  current  of  steam  to  400  deg*  0* 

Oondonsor  The  coll  condenser  was  fixed  In  a  tank  as 
Shown  in  the  figure,  a  continual  flow  of  water  oould  be 
maintained  through  the  tank  if  desired.  Tho  condeno  r 
gave  complete  condensation  until  aorlous  cracking 
commenced. 

Still  The  etlll  w  a  made  from  a  ootlon  of  oil  well 
casing,  having  an  outside  diametor  of  14  5/8u  and  an 

+ Bulletin  ;;-£07 ,  Bureau  of  Hines,  Do  t*  of  the  Interior, 
dash* 
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Inside  height  of  15M ,  giving  a  diat illation  capacity  for 
a  ohnrge  of  6  gallono.  ./hen  dioti nations  v/ero  in 
progress,  the  otill  was  wrapped  with  aubostos  papdr  to 

w;  \ 

provont  exoosoivo  oooling  of  the  still  v/alls  by 
radiation.  Apart  from  tho  suporheated  stoam  introduced, 
heat  was  also  applied  by  moans  of  a  direct  fire  from  the 
bottom  by  means  of  a  Large  gas  burnor. 

The  details  of  the  apparatus,  as  indicated  by  the 
letters  on  the  figure  wore : 

A*  Perforated  steam  ooil  by  moans  of  hich  the 
live  steam  was  introduced  into  the  still. 

B#  "By-pass"  by  means  of  which,  if  dedlred,  stoan 
could  be  "•assed  through  tho  apparatus  without  passing 
through  the  still.  This  was  found  to  be  a  big 
advantage  in  that  when  commencing  operations,  the  by- 
pass  could  be  used,  thus  making  it  possible  to  avoid 
putting  a  sudden  high  pressure  of  steam  into  the  till. 
Also,  at  the  end  of  a  run,  when  the  still  was  disconnected 
steams  could  he  blown  through  tho  pipes  to  cloan  out 
the  condo nser. 

0  &  O’  Check  valvos  by  means  of  which  the  l  ok 
pressures  from  the  steam  generator  and  the  till 
respect ive ly ,  v/ere  prevented  from  causing  trouble. 

H  fractionating  column,  five  fractionating 
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oolmans  of  heights  4",  7",  9M,  16”,  and  19"  were 
oonatruoted,  of  Idortloal  design,  so  that  any  desired 
length  could  be  used  on  the  still  head. 

P.  Clamps  for  adjustable  stand  by  means  of  which 
the  condenser  could  be  raised  or  lowered  according  to 
the  height  of  the  fraotlonating  oolumn  used  on  the  still 
head. 

T,  T * .  T"  Thermometers  by  means  of  which  the  temperatures 
of  the  vapour  In  the  fractionating  column,  the  liquid  in 
the  3t ill  and  the  superheated  steam  respectively  were 
determined. 

3.  oils  used  in  otoam  i)lst Illations.  The  oils  on 
which  steam  distillations  were  made  wore  the  same  as 
those  used  in  the  vaouum  distillations,  namely,  Montana 
(Sunburst)  Crude,  ainwrlght  Crude  nd  the  Bitumen  fryJi 
the  Bituminous  bands. 

4.  Broparatlon  of  oaxaplos  for  nlotl llatjon  The 

Montana  crude  oil,  being  free  from  water  and  mineral  ^  ' 

matter,  required  no  preparation  previous  to  dletlllatj/on. 

The  7/ainwrlght  crude  oil,  as  described  in  a  previous 
oeotlon,  contained  a  large  poroentage  of  mineral  sfattor 
and  water.  The  apparatus  which  was  used  for  the 
dehydration  of  t 
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columns  of  heights  4",  7",  9M,  16“,  and  19“  were 
constructed,  of  identical  design,  so  that  any  desired 
length  oould  be  used  on  the  still  hoad# 

P#  Olamps  for  adjustable  stand  by  means  of  which 
the  oondensor  oould  be  raised  or  lowered  according  to 
the  height  of  the  fractionating  column  used  on  the  stll 
head* 

T,  T 1 ,  2“  Thermometers  by  means  of  which  the  temper  *. tur 
of  the  vapour  In  the  fractionating  column,  the  Liquid  1 
the  still  and  the  superheated  steam  respectively  were 
determined# 

3.  Oils  used  In  ;jtoam  Mstl nations «  The  oils  on 
which  steam  distillations  were  mde  wore  the  same  as 
those  used  in  the  vacuum  distillations,  namely,  nontana 
(Sunburst)  Crude,  alnwright  Crude  .ncl  the  ul turnon  fr<p 
the  Bituminous  jands# 

4  •  Pro  par  at  Ion  of  ^  amp  lo  3  for  v  1  s  1 1 1  lat  1  op  Th© 

ilonbana  crude  oil,  being  free  from  v;ater  anct  fiinoral 
matter,  required  no  preparation  previous  to  distillation# 
‘fhe  Wainwright  crude  oil,  as  do^erlbod  In  a  provloufl 
section,  contained  a  large  poroej^Tage  of  mineral  matter 
and  water#  The  apparatus  whjtdh  was  used  for  the 
dehydration  of  the  vacuum  distillation  samples  by  means 
of  surface  evaporation  was  not  suitable  for  preparing 
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tho  lurge  samples  required  for  the  steam  distillations. 
The  method  uood  In  dehydratLng  the  largo  Jainwrlght 
samp  Los  lo  dloouaood  in  a  l  iter  chapter  on  dehydration. 
In  briof,  however,  it  may  lo  3aid  that  the  samp Los  wore 
dehydrated  by  treatment  with  a  reagent  followed  by 
centrifuging  and  the  whole  oporatlon  repeated  until  the 
water  content  had  been  reduced  sufficiently  for 
d  lot  illation  purposes.  Tho  samples  thua  prepared  truly 
represented  the  orude  oil  ao  received. 

Tho  aamploa  of  Lioiiurray  bitumen  were  dehydrated 
by  direct  heating  in  large  cana  over  a  gaa  flame.  The 
contents  of  the  cans  were  occaolonally  stirred  to  aid 
in  distributing  the  heat  and  the  heat  was  aopliod  until 
the  water  content  had  boon  reduced  sufficiently  to 
malre  distillation  poo  ible.  Samples  prepared  In  this 
way  wore  not  altogether  representative  4>f  tho  original 
bitumen.  Proper  dehydration  of  this  bitumen  lo  a  big 
problem  that  will  require  special  study  later.  Its 
solution  will  roquire  a  groatcr  length  of  tl.ie  than 
wac  available  for  thin  examination. 

5.  Apparatus  used  in  Seating.  The  following 


apparatus  was  used  in  tooting  tho  dlotl Hates  and 
residues  from  the  otcam  dlotl  nations : 


•  *-  .  .  wg 


-  t  ,  - 

C  ***  i 

’’  5  ■■■  -J 


i  ,i 


.  />jv. 

-  ,  • 

:  -  •  --  ,  v-.r 

5 r-* '  . 

•- 


'  '  ■.  . 

■ 


90 


hpoolflo  Gravity.  Tho  opcolfio  gravity  of  the  l  ^rge 
samples  of  distillates  war*  obtained  by  the  uoe  of  a 
hydrometer  ns  specified  by  the  Bureau  of  ’fcandurds, 
Washington*.  In  tho  case  of  the  pmall  eampioa  (as 
obtained  in  redlstllLations }  the  l/estphal  balance  and  amal] 
plummet  7cre  used*  Th>  specific  pravlties  of  the 
real  duo  a  was  determined  by  tho  use  of  a  pyoometor, 
follov/ing  tho  prooeduro  outlined  by  the  A*h*T.M.4 
Carbon  Aon I due  (Conradson  HethodO  ?his  test  has 
already  boon  discussed  in  a  previous  coot ion* 

Viscosity  Tho  viscosity  de terminations  at  100  deg*  F. 
wore  made  by  means  of  the  glass  viscosimeter  already 
described  and  translated  to  haybolt  ooondo  by  the 
graphic  method*  In  the  o  -o  of  the  heavy,  vlsoous 
distillates  hov;ever,  It  v/  o  found  neeosoory  to  make 
tho  determinations  at  a  higher  temperature.  The  same 
form  of  glass  viscosimeter  was  UBed  but  it  was  n laced 
in  a  steam  Jacket  instead  of  in  a  v/ator  thermostat 
and  maintained  at  a  temperature  of  98  dog  C.  by  a 

4- 

current  of  steam. *  The  readings  of  the  glass  vlooosloetor 

*A*S.T*M.  Tentative  standards  19. J5  V  70-20T  p*  490 

Analytical  nistl nation  cf  Petroleum*  Bulletin 

#2 07*  Bureau  of  Mines*  ash* 
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at  98  deg.  0.  .  ore  calibrated  against  the  read  Inga  of 
the  Standard  Saybolt  vlsoosimotor  at  210  deg.  F. 

In  a  v/ay  similar  to  that  already  described*  Tho  graphic 
relationship  obt  ined  Is  oh  own  Lr  i  lgure  po^e  9^  a 
Penetration  The  ponotratlono  f  the  residue  were 

determined  In  the  same  manner  as  alroady  described  in 
a  previous  section* 

6*  tabulation  of  heoults.  Fo<ges  92,93,95  ^od9<o 

?•  .discussion  of  Results. 

Montana  (Sunburst)  Crude  Oil 

the  Montana  oil  was  used  in  connection  with  the 
3team  distillations  principally  for  the  purpose  of 
trying  out  tho  steam  distillation  at t-up  and  evolving 
the  most  suitable  procedure  for  collecting  and  testing 
the  distillates*  table  XIV,  page  9£,  indicates  to 
nature  of  the  fractions  collected,  but  anart  from 
the  determination  of  thoir speoif io  gravities,  no 
further  examination  was  made* 

Wainwright  Crude  Oil 

The  results  of  the  steam  distillation  of  alnwrlght 
crude  11  and  of  the  tests  made  on  tho  disti^a^0p 
are  given  in  Table  XV,  >age  93*  The  condensates, 
consisting  of  oil  and  water  emulsions  were  collected 
from  tho  condenser  and  tho  bui':  of  the  water  v/as 
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residue  was  of  a  block  viscous  nature,  too  sopf  For  making  o  penetration 


Typical  Steam  Dislillgl'ion  of  Wainwrighr  Crude  Oil 

(  charge  oF  24^ 

Specific  GraviFu  ig.  3*Bfc  ot~  feO*F 
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separated  out  by  tho  use  of  a  separatory  funnel*  The 
aamploa  woro  then  put  In  small  tin  nails  and  kept  at 
a  temperature  of  about  40  deg.  0.  for  ’evoral  <  aye 
to  aid  In  the  settling  of  tho  romalnlng  wator.  At 
tho  end  of  that  time.  In  the  majority  of  oases,  there 
was  a  sufficiently  large  sample  of  oil  free  of  water 
for  further  examination  purposes.  In  the  oasos  of 
Bamplos  9,  10 ,  11,  and  12,  howevor,  most  of  the  oil 
was  still  In  the  form  of  an  emulsion.  These  were 
treated  with  a  dehydrating  roagent  and  heated  In  a 
bath  of  boiling  water,  till  settlement  was  secured. 

It  will  be  noticed  In  Table  XV  that  by  the  use  of 
steam  distillation  It  was  noaslblo  to  separate  fractions 
of  much  lower  gravity  Boaume  than  by  the  uso  of  vacuum 
distilLat Ion.  Some  of  tho  fractions  obtained  were  of 
the  nature  of  the  heaviest  lubricants. 

The  distillation  was  stopped  at  the  point  v/here 
oraoking  oomraenood.  The  residue  remaining  in  the 
still  was  3Q>  of  tho  total  charge.  This  residue,  as 
shown  In  the  table,  had  a  penetration  suitable  for 
pavement  purposes.  Indeed,  the  distillation  could 
have  been  stopped  at  an  earlier  stage  and  a  residue 
not  too  soft  for  a  '  iv  ment  asphalt  obtained.  It  is  an 
Important  noint  that  by  dlreot  steam  distillation  a 
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TABLE  XVII 


Radi atll lotion  or  Staaa  Dlatlllgta  a  from 

WainirrlLht  Crud«  Oil 

Piatiilation  carried  out  with  100  itbmm  aaapla 
in  a  H«t&?al  distillation  i‘la »k  at  atoospharia  praaaura. 
Tha  fractionating  column  was  fillad  with  iron  Jecic- 
chain.  Spocif i«  gravity  of  sa&pla  26 . ^  0  5^  at  ? . 


Tamparatura 

in 

Dog.  Cant. 

DiaUllaUa 

Parcant  of 
Total  TTaifcht 
of  Sample 

8mum  Gravity 
at  60°  V 

Color 

320 

3M 

Vo tar  white 

3J0 

*2. A 

340 

21.2 

29.6 

• 

2^0 

5<5.? 

26.2 

• 

25O-3OO 

ee.  5 

- 2(^3 - 

Vary  pale 

m  vaan 

>00  to 

drynase 

96.5 

urn 
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TABLE  mil 


Redistil latlo a  of  gteeia  Dlatlllete  £  1  froa 

HoMurray  Bltuaon. 

Dlatillation  carried  out  with  too  grw&a  seaple  in 
ft  Hetspel  dlatillation  flack,  at  etaospherie  preeaure. 
The  fractionating,  colusa  wee  filled  with  iron  jeok- 
chain.  Spec  If  le  gravity  of  aaeple  24.9  Be  at  60“  f . 


Temperature 

in 

Deg.  Cent. 

Dictilatee 

Percentage 

Total  Veifeht 
of  Sample 

Beeuite  Gravity 

at  60  °F. 

Colour 

220 

2.1 

2JC 

5.5 

240 

6.0 

29.1 

Light  (preen 

250 

6.6 

260 

15.0 

260-360 

56.6 

26.4 

8  8 

260- 50c 

64.7 

24.4 

•  » 

J00t-J4o 

66.1 

21.7 

Green 

J40  to 

9*. 6 

dryneae 

disHHe< 


I 
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residue  can  bo  nroduood  suitable,  without  furthor 

troatmont,  for  pavement  purposes. 

LloMurray  Bitumen 

The  rosulto  of  the  steam  distillation  of  the 
bitumen  from  the  bituminous  sands  are  given  In  Table 
XVI,  page  9  6.  The  distillation  of  th4a  bitumen  who 
carried  on  In  tho  same  way  a’  for  the  ifalnwr  lght  oil. 

In  all,  six  outs  wore  made  which  wore  representative 
of  the  whole  distillation.  The  water  settled  out 
a  sufficient  amount  for  toBtlng  purposes  from  samples 
1  to  5.  Ilumbor  6  sample  howevor,  had  to  be  troatod  In 
the  same  way  as  tho  heavy  emulsions  from  tho  distillation 
of  the  Jainvaright  oil. 

It  nay  be  seen  a3  before,  that  the  steam 
distillation  made  possible  the  separation  of  very  much 
lower  Boaumo  fractions  than  wa.-  accomplished  by  the  use 
of  vacuum.  Di  tlllatlon  was  stooped  when  serious 
cracking  commenced.  The  residue  was  too  hard  for 
oavenont  pur nose 3.  For  road  armhalt,  the  hard  residue 
would  have  to  be  fluxed  with  lighter  material  or  else 
the  distillation  stoooed  at  an  earlier  stage. 


„  TA&LE  XVI 

typed _ yftom _ Diafillprion _ e£ _ MCMnrrqtj _ Crude  Bitumen 

(charge  of  20*) 

Specific  GroviHj 105  Qr  g5X/g5*C 
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chapt :■:»  iv. 

JURHlfUiiATIOM 


The  dehydration  of  olla  from  certain  fleLda  la  a 
very  big  problem  and  ono  for  which  thoro  18  no  unlvoroal 
solution.  .Thore  successful  dehydration  la  being  carried 
on,  tho  problem  has  beon  studied  and  solved  ..1th 
reference  to  the  particular  oil.  In  tho  laboratory, 
the  dehydration  of  samples  of  oil  are  made  to  determine 
the  ooroontage  of  water  ore sent  and  to  nreoaro  tho 
sample  for  further  examination.  Hot hods  which  are 
adequate  for  the  determination  of  the  water  content  to 
within  one  oorcent  may  not  be  applicable  where 
dehydration  Is  to  bo  followed  by  diotlllatlon  olnoo  In 
the  c  se  of  very  viscous  oils,  a  few  tenths  of  one 
percent  of  water  may  cause  uncontrollable  frothing  and 
bumping. 

The  methods  In  moat  common  use  at  preoent  for  the 
dehydration  of  oils  are;4 


4V/ater-Oas  Tar  Hmulsions.  ...  .  Odell  Tech  Pa^er  r304 
Bureau  of  nines,  Wash.  Centrifuging  Petroleum 
He  fin  ry  hauls  Ions.  ' .  .  Ayres.  Trans.  Amor.  Inst.  of 
Mining  and  Llet.  Kng.  Issues  with  .lining  and  Metallurgy 
Oct.  L9&2. 

Handbook  of  the  Petroleum  Industry  M.T.  May,  Vol.  I,  p. 
070*  Analytical  let  1  Hat  Ian  of  petroleums.  Bui. 
Bureau  of  nines,  hash.  p.  66. 
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L#  Allowing  tho  water  to  act  bio  out  by  gravity* 
This  method  la  of  no  uoo  with  tho  ainwrlght  oil  ox* 
tho  Mo  Hurray  bltumon  for  with  thoao  materials  no 
approoiablo  amount  of  water  sopiirafcoo  aftor  standing 
for  months. 

2.  Centrifuging,  with  or  without  tho  uae  of 
ohomloal  reagents. 

3.  ''leofcrlcal  method,  utilizing  tho  notion  of  a 
high  tension  eloctrlo  field. 

4.  Use  of  roagonta  for  breaking  down  the  /ater-oil 
interfaces  and  causing  tho  coalescing  of  the  r»  rtlcleo 
of  water. 

5.  Distillation  by  the  uae  of  pipe  stills. 

6.  Distillation  under  pressure. 

7.  A  laboratory  method  of  heating  tho  oil  in  an 
autoclave,  with  or  without  the  addition  of  chomloals. 

A  few  of  the  methods  indicated  h  ve  been  appllod 
to  the  atnwrlght  oil  and  Uoilurray  bitumen.  following 
up  the  scheme  suggested  by  tho  Bureau  of  lilnos  In 
Bulletin  207,  an  autoclave  was  made  as  illustrated  in 
Figure  12  f  rage  101.  f2hc  procedure  described  by  the 
Bureau  was  followed  with  the  bitumen  from  tho 
bituminous  sands.  j?he  material  was  placed  in  the 
autoclave  along  with  solid  calcium  chloride  and  hoatod 
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Auhocfave,  as  used 
A.  ThermomeVet-  well 
B  Ring  aasker 
C  Ti^hnerunqj  t-ods 


to  a  temperature  of  200  deg*  0.  The  autoolave  vms  then 
shaken  for  five  minutes,  and  the  contents  allowed  to 
do t tie.  It  w  und,  ho;/ over,  that  so  :iuch  oaicium 
chloride  had  to  bo  added,  if  directions  v/ere  fo  1  lowed, 
that  the  bitumen  wa3  lout  in  the  moire  of  added 
material*  The  offoct  of  much  smaller  quantities  of 
calcium  chloride  were  tried.  hilo  a  decided  tendency 
for  water  to  separate  was  observed,  nothing  a-^roaohlng 


J.I/C 


complete  dehydration  was  obtulno  .  and  the  method  was 
abandoned.  A  oomnoroial  dehydrating  reagent  called 

•j?refc-0-Tjite*  was  also  tried  with  tho  Mo  Murray  bitumen 

e 

and  the  autoclave,  but  again,  although  eorao  tondenoy 
toward  dehydration  was  found  the  indications  were  not 
encouraging  enough  to  follow  furthor. 

Tret-O-Lite  was  applied  with  fair  success  to  the 
dehydrating  of  tho  r/alnwrLght  oil,  especially  when  its 
action  was  supplemented  by  that  of  tho  tiharplos  high 
sooed  contrifuge.  In  some  preliminary  experiments, 
Tret-O-Llto  in  amounts  varying  from  0.1/j  to  0.3,,j  wore 
added  to  the  orude  emulsified  oil  hoated  to  a  sufficient 
degree  to  make  Lt  fluid  enough  for  the  reagent  to  bo 
thoroughly  mixed  In.  The  treated  camples  were  plaood 
over  a  steam  bath  and  allo?/ed  to  cot  tie  for  £4  hours, 
l/ator  and  mineral  matter  sot  tied  out  In  a  way  that 
oould  be  Plainly  seen  through  the  beakers  In  v/hloh  the 
samples  wore  placed.  Examination  chowed  that  the 
original  water  content  of  33l/i  had  been  reduoed  to  6 > 

^Trot-O-Lito  Is  an  oily  appearing  substance  and  acts 
In  dehydration  by  dissolving  in  the  11  and  rcaoting 
on  the  water-oil  int  r faces  In  suoh  a  way  that  the 
surfaces  break  down  and  the  ater  partloles  gather 
together  in  laggo  enough  masses  to  settle.  It  has  boen 
used  with  success  on  crude  petroleums  in  the  oil  fields. 
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in  the  case  of  the  unmplo  containing  0 •  Ip  Tret-O-Llte 
with  inoroasing  roduotion  in  the  ouoe  of  the  othore 
to  a  lowoot  valtio  of  for  the  ‘.:.'uaple  containing 
fret-O- Li  to*  This  erporinont  was  followed  up  with  the 
troatment  of  larger  samples  of  ,  alnwright  oil  am.  untlng 
to  as  much  as  60  pounds.  Tret-O-Lito  was  added  to  the 
amount  of  0»3>  and  after  the  built  of  the  water  and 
mineral  matter  had  settlod  out,  the  crude  oil  was 
contrlfuged  at  a  temperature  of  about  70  deg*  0.  by 
a  Sharpies  oentrifuge.  Some  times  tho  centrifuging  was 
more  effective  than  at  other  tlnoo  but  by  repeating 
the  oontrlfuglng  often  enough  the  wator  could  be 
reduced  to  an  amount  less  than  0*5/3  of  the  crude 
oil. 

Uo  satisfactory  v/ay  was  devised  for  ridding  the 
bituminous  sand  bitumen  of  water*  Kvaporatlng  the 
water  out  is  a  slow  and  precarious  operation  and 
inevitably  results  in  tho  loss  of  a  oortaln  amount 
of  tho  bitumen  by  evaporation  along  wLth  tho  water. 

It  would  appear  that  about  tho  only  solution  for  the 
dehydration  of  this  material  Is  by  the  use  of  a  pipe 
still.  By  this  oontrlvonco,  tho  bitumen  could  be 
heated  well  above  the  boiling  point  of  water  in  the 
confined  ST>aoe  In  a  system  of  heated  pipes  and  allowed 
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to  blow  out  under  pressure  Into  an  expansion  chamber 
so  arranged  that  any  oil  evaporated  would  be  condensed 
and. not  lost  to  the  atmosphere. 
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UlsoollaneouB  Tests 

A  nurnbor  of  tosts  have  boon  made  .iiich  have  not 
been  inoludod  in  tho  foregoing  present  ticno  of  data. 
Host  of  those  were  completed  aft  or  the  preparation 
of  this  r  port  was  nearly  to  an  end*  The  result b  of 
the  toets  aro  oonse  uently  introduced  here  instead  of 
in  the  places  viiere  they  more  logioally  belong.  They 
are  paraffin  soule  determine tions ,  solubility  teste 
on  residues,  and  sulphur  determinations. 

1*  Paraffin  .<ax,  or  2oale  Determinations. 

Those  determinations  were  oarri  d  out  as  specified 
in  the  Kansas  City  Testing  Laboratory  3ullotin  P16, 
page  534.  A  sample  of  100  grammes  of  oil  w  s  distilled 
to  dryness,  and  5  grarmes  of  tho  distillate  used  for 
test.  'This  was  dissolvod  in  26  ocb.  of  other,  26 
cos.  of  leohol  added,  and  the  hole  pluoed  in  a 
freezing  mixture  of  a  temperature  of  -  18°C.  for  30 
minutes.  The  co  d  li  uid  was  then  filtered  through  a 
filter  packed  in  a  freezing  mixture,  as  illustratod 
in  Vigor*  '3.  The  adhering  paraffin  scale  wa  .  ed 

from  the  filter,  *nd  after  drying  on  a  steam  bath. 
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was  weighed,  and  its  percentage  of  tho  distillate  cal 
culstod.  The  results  wore;  Montana  crude  oil,  0.0 
■/aln wright  crude  oil,  tr  005  Bituminouo  Bund  bitumen, 
traoe. 

2.  oolubility  Tests 
on  Kesiducs. 

The  solubility 
determinations  made  were 
those  of  total  bitumen 
soluble  In  oar  bon  disulphide, 
bitumen  insoluble  in  oarbon 
tetrachloride,  and  bitumen 
insoluble  in  86°Be.  petro¬ 
leum  naphtha.  The  tests 
were  carried  out  as  de¬ 
scribed  by  rrevost  Hubbard. 4 
The  residues  examined  were 
a  residue  of  iainwright  oil 
from  a  vacuum  and  a  steam 
distillation,  and  similar 
residues  of  tho  bitumen  frc*n 
the  bituminous  sand.  The  re  Its  were: 

#  Highway  -.nginears*  H  ndbook.  A.  H.  Blanchard, 
pp.  721  to  729. 
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Wainwright  Vacuum  Distillation  -euidoBJ 

Ina olublo  in  Carbon  dl:  ul  hide  6 •0j6(  mineral  matter) 

"  tetraohloride  7  ^  o  .rbenes) 

H  rot role un  naphtha  37  asphaltenes) 

Wainwright  ^toara  Distillation  Residue: 

Insoluble  in  Carbon  disulphide  I.OjI  mineral  raattor) 
""  "  "  tetrachloride  nil 

n  i’otroloum  naphtha  20  jU  asphalt  anas) 

MoLIurruy  Vaouum  Distillation  hosiduo; 

Insoluble  in  Carbon  disulphide  12. 0/;(  mineral  matter) 
"  Petroleum  naphtha  30  $  asphal tones ) 

iiollurray  toam  distillation  Residue: 

Insoluble  in  Carbon  disulphide  10.4  ;( mineral  matter) 

"  11  Petroleum  naphtha  35  $(  asphaltenes ) 

Solubilities  in  c  rbon  tetraohloride  for  the  two  MoMurray 
residues  wore  not  completed.  3ut  from  t toco  determina¬ 
tions  for  tho  Wainwright  residues,  it  .jould  a  jjpear  that 
the  vacuum  distillations  recult od  in  the  burning  to 
a  considerable  extent  of  tho  residues,  as  indicated 
by  tho  high  percentage  of  carbonos  present,  do 
burning  took  place  during  the  steam  dietilli  U  on, 
apparently.  The  high  value  for  bitumen  insoluble 
in  petroleum  naphtha  for  both  the  Wainwright  :-nd  the 
Hcliurray  residues  is  durect  evidenoo  of  tho  asphaltic 
nature  of  the  oils  from  which  they  are  derived*  It 
is  common  to  specify  in  specifications  for  asphalt 
pavement  that  the  peroont-go  insoluble  in  petroleum 
naphtha  shall  fall  between  tho  limits  of  16^  and  25  ;. 

The  high  p  roontage  of  asphalt enee  in  the  steam  dis¬ 
tilled  MbMurray  residue  corresponds  to  its  low 
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penetration  (  0,  Efi°C. ;  100  gran*  ,  6  boos.  )  and  BM9I 
that  such  a  residue  would  h  ve  to  bo  fluxed  with 
suitable  soft  r  material  to  make  it  right  for  pave¬ 
ment  purposes • 

3*  Sulphur  Determinations. 

Sulphur  dot-;rminationc  on  the  crude  .rfain- 
wright  oil  and  cud e  HoMurray  bitumen,  and  on  a  series 
of  distillates  from  each,  were  rn.de  by  •  Campbell, 
(Fuel  .nalyst.  Industrial  Base  roh  De.>urtment . ) . 

The  determinations  were  made  by  the  bomb  method.# 

The  recult3  aro  given  in  Table  XIX.,  ptgo«o^.  The 
distillates  tested  can  be  identified  in  tables  already 
given  by  means  of  the  specific  gravity  valuos. 

Conclusions 

Thu  results  obtained,  and  the  data  oollocted  from 
the  work  recorded  in  this  thesis  point  to  the  follo.Ying 
general  conclusions: 

A*  Tho  Bituminous  and  Bitumen: 

1.  The  bitumen  is  asphaltic  in  nature,  and 
has  a  specific  gravity  slightly  greater  th  n  one.  Its 
asphaltic  nature  i.  roved  by  the  nogativo  p  raffin 
determination,  and  by  tho  1  .rge  >or oentage  of  asphaltenes 
present  in  the  reaiduee  obtained  from  it. 

#  Handbook  of  the  rotr oleum  Industry,  D.  T.  Bay, 

Vol.  I.,  p.  709. 
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TABLE  XIX 


Sulphur  Oontent  o f  Welnwrl^t  Crude  Oil  »nd 

IfcHurray  feituaen  ond  of  distill* toe  of  Sech 


Description  of  Sample 

B««uim  Oruvlty 

It  *0  ”F. 

Percentage  of 
Sulphur 

Weiner i*ht  Crude  Oil 

t4.J 

2.59 

Kc Murrey  Crude  Bitumen 

(•) 

505 

Wainwrijit  Vacua*.  Diet. 

5«\9 

0.4  2 

■  •  • 

a*. 4 

•  •  • 

?i.r> 

2.M 

KcKurrey  Vacuua  Diet. 

34.2 

2.05 

•  •  • 

tfl.5 

4.17  c!‘*1 

•  •  • 

(b) 

3.19 

Weiner i*ht  Steen  Diet. 

29.  £ 

0.60 

n  •  • 

»9.« 

2.30 

■  e  • 

(«) 

2.54 

McKurrey  Steal*  Diatillate 

24.9 

2. *7 

n  l  • 

1«.? 

5.22 

«  a  v 

t?.7 

3.9° 

(n)  Si^ciTic  £r*rity  1.05  at  *5 °0/^ °0 
b)  Orevity  not  deterKlnedj  riac. eity  In  Sayb.  Soco.20  at  *CC  °F 
;  ;  •  #  »  *  •  •  ■  ,42  •  aic  *r 
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£•  The  bitumen  hac  a  very  high  content  of 
sulphur  —  ov or  5l.j.  The  uul.  hur  p recent  in  the  ro- 
duotc  obtained  fro:  the  bitumen  by  distillation  appears 
to  be  in  f  irly  direct  relationship  with  the  specific 
gravity  of  tho  products;  the  lower  the  Beaume  of  the 
distillates,  the  higher  the  content  of  aul  hur.  The 
percentages  of  cul  hur  present  in  fr  ctions  obtained 
by  vacuum  distillation  arc  considerably  higher  th  .n 
those  in  steam  distillates  of  e  ual  Beaume. 

3.  Asphaltic  residues  can  bo  obtained  from 
the  bitumen  which  are  apparently  suit  ble  for  o.vement 
purposes.  The  residues  most  nearly  meeting  reuire- 
monts  for  pavement  ae  halts  are  obtained  when  between 
40;c  nd  60/j  of  the  bitumen  is  distilled  off,  preferably 
by  means  of  steam  die  till  .t  ion# 

4.  Commercial  oils  : 

(  a)  ho  gasoline  is  obtuiixiblo  from  the 
bitumen  without  resort  to  oome  form  of  oracking  dis¬ 
tillation.  This  Let  ie  established  by  the  high  boilirg 
point  of  the  initial  fractions  ,  by  their  low  Beaume,  and 
by  thoir  color.  Tho  absence  of  hydrooarbons  falling 
in  the  g  solmo  category  is  further  proven  by  tho  work 
of  oyer  to  which  reference  h  .s  bv.en  made,  from  Table 
IV.,  it  is  seen  th  t  the  lowest  boiling  hydrocarbon 
which  3eyer  separ  ted  from  the  bitumen  had  a  Boaumo 
of  40.3. 
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(b)  The  kerosene  fraction  will  re  uire 
refining  to  remove  color,  odor,  and  aul  hur.  Until 
refining  teats  uro  undertaken,  tho  oxaot  value  of  the 
koro3eno  fraotion  will  remain  unknown* 

(o)  Iftiel  and  lubric  ting  oils  m  ke  up 
tho  largo  proportion  of  tho  distillate  obtained  from 
tho  bitumen*  The  :ftiaL  oils,  which  form  a  1  rge  pro¬ 
portion  cf  tho  lighter  distillates,  would  a  ponr,  eo 
far  ae  examinations  h;  vo  boon  made,  to  moot  usual  speci¬ 
fications,  exoe.t  that  tho  sulphur  content  ie  too  high, 
nd  would  h  vo  to  bo  roducod  to  a  friction  of  1$.  The 
Beaumo  of  the  various  fuel  oils  lie  between  tho  limits 
of  12°  and  28°.#  TL  luorlcat  lug  oils  oould,  so  far 
as  It  is  possible  to  judge  from  the  data  at  present 
available,  be  rrv.de  to  meet  tho  specific  at  lone  for  the 
various  luri  cants  which  aro  obtained  frc:.  as  haltie 
oils.##  The  relationship  of  the  viscosities  to 
spooif^c  gravities  of  a  big  percentage  of  the  heavier 
components  places  thorn  within  tho  limits  of  specific 
gr  vitios  and  viscosities  specified  for  th  heavier 
lubricants.  The  ho uvy  fractions  obtained  by  steam 

#  Kansas  city  Testing  Labor  tory  Bulletin  il5,  p.181. 

##  Economics  of  Petroleum,  J.  L,  -opue,  p.  169. 
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di at ilia ti on  wore  a o  much  more  vicoous  than  th  heavi¬ 
est  that  oould  be  obt  ined  by  v  ouura  distillation 
that  tlieir  vieoositioB  h  d  to  be  me  sared  at  a  higher 
tempera tur e.  .e  a  result  a  direct  oo  orison  of  the 
specific  gravity  -  viscosity  relationship  oiinnot  be 
made  between  tho  vacuum  ni  steam  distillation  fr  o- 
tions  . 

In  concluding  obs  rvationo  about  the  bitumen 
from  tno  bitumincua  sands,  it  may  be  said  that  stc  -m 
distillation  appears  to  be  tho  no;  t  suit  ole  form  of 
distillation,  since  it  leaves  the  best  type  of  resi¬ 
due  for  pavement  ur poses  ( the  principal  product  from 
the  bitumen)  an  because  it  gives  distillates  with 
the  least  amount  of  decomposition  and  with  tho  smallest 
content  of  sulphur. 

B.  Crude  .'ainwright  Oil: 

1.  Tho  tf&inwright  oil  is  of  asphaltic  base, 
and  has  a  Beauiae  gravity  of  approximately  14°.  The 
asphaltic  nature  is  proved  by  th  nogativo  paraffin 
test,  the  high  percent  o  of  asphaltenes  in  the  resi¬ 
dues,  and  b  the  genoral  characteristics  of  these 
residues. 

2.  The  sul  hur  cent out  of  tho  crude  oil 

is  high,  being  2.6 j.  Tno  sul  hur  appears  to  distribute 
itself  in  the  distillates  from  the  crude  oil  in  fairly 
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di.  eot  relation  to  tho  Ue.umo  of  the  distillates, 
becoming  higher,  tho  lo..or  the  Jeuume  ,  ruyity.  The 
percentage  of  sulphur  in  the  lighter  fractions  is  lose, 
however,  than  in  corresponding  fractions  of  tho  iloilurray 
bi  turnon. 

3,  The  residue  fr  in  the  steam  distill  tion 
of  tho  c.ude  oil  io  an  asphalt  which  appears  to  be 

eui table  for  pavem.nt  purposes.  uch  an  as  h  It  may  be 
obtained  directly  from  a  steam  distillation  without 
further  tretmont. 

4.  Commercial  Oils  ; 

(a)  Gasoline.  The  gasoline  percentage 
is  small,  but  it  would  appear  from  presont  data  that 
about  4#  would  be  suitable,  if  blended  with  a  volatile 
casing -head  gasoline.  It  vould  h  vo  to  bo  further 
refined  for  removal  of  sal  hur. 

(b)  Kerosene.  The  kerosene  fraction 
amounts  to  15p  of  tho  crude  oil.  It  would  bo  a  water- 
white,  strai  ht  distillate.  Tho  Bulphur  content  is  higi  , 
and  further  refining  for  its  removal  would  bo  necessary. 

(oJ  Fuel  &  Lubrio  ting  Oils.  The  fuel 
and  lubricating  oil  fraction  com  rises  tho  1  rgoet  por- 
centugo  of  the  distillates,  Th*j  roduots  which  could 
be  made  from  it  will  deoend.  of  course ,  to  a  certain 
extent  on  thn  type  of  refining  carried  out.  The  fuel 
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oils  appear  to  moat  the  icuwl  aroci f ioations  in  tho 
natter  of  viscosities,  gr  vi  ti.e,  and  carbon  rosiduo; 
b  it  tho  sul  hur  cent  ont  is  much  too  high,  and  would 
have  to  bo  lowered  by  Romo  form  of  rof lnlug.  The 
viscosity  nd  spooifio  gravity  ran*  o  of  tho  lubricants, 

Ufi A 

as  shown  in  tfiguro  a  ,  in<  Lo  to  th  t  th^re  io  a  co 
aider  bio  percentage  that  may  bo  classed  with  the 
heavier  lubric  nts.  The  clo:  o  chock  botwoon  tho  re¬ 
lationships  cf  viscosities  to  ,  r.-  vities  for  distillates 
from  both  steam  and  vacuum  diet  illations  shows  th  t  a 
const  nt  rol  tionship  can  bo  determined  for  th  high  r 
lubricants.  Other  toots,  however,  are  necessary 
before  the  nature  of  the  lubricants  can  be  ascertained. 

In  conclusion,  regarding  the  Steinwright  oil,  it 
may  be  said  that  the  main  problems  to  be  solved  t 
present  in  its  utilization  are  tho  dehydration  nd 
the  finding  of  a  refining  method  applicable  to  the 
removal  of  its  large  sulphur  content. 
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